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TITLE OF THE INVENTION 

CYNOMOLGUS MONKEY DICKKOPF-4. NUCLEOTIDES ENCODING SAME, AND 
USES THEREOF 

5 BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to treatments for osteoporosis and other 
disorders characterized by bone loss or insufficient bone mass. More specifically, the present 
invention relates to the cynomolgus monkey Dickkopf-4 (cDkk-4) protein, to isolated nucleic 

10 acid molecules which encode the cDkk-4 protem, and to recombinant vectors and hosts 
comprising DNA encoding the cDkk-4 protein. The present invention further relates to 
noethods for identifying analytes which int^ere with the interaction between the cDkk-4 
protein and a homologous or heterologous Dkk receptor and analytes which interfere with the 
interaction and stimulate bone formation. Analytes identified using one or noore of the 

15 methods are useful for treating osteoporosis and other bone loss disorders. 

(2) Description of Related Art 

The skeletal disorder osteoporosis is the leading cause of morbidity in the 
elderly. Osteoporosis is characterized by bone loss resulting from an imbalance between 
20 bone resorption (destruction) and bone formation. This condition leads to an increased risk 
of bone firactures, which may occur following low levels of trauma. In the United States, 
there are currently about 20 million people with detectable fractures of the vertebrae due to 
osteoporosis. Mortality due to bone fractures is not uncommon among the elderly patient 
population 

25 Elderly, post-menopausal women are at the highest risk of developing 

osteoporosis due to a deficiency of estrogen, which is necessary for proper bone 
maintenance. Insufficient estrogen levels lead to increased production and longevity of 
destructive osteoclasts, which in turn, leads to increased bone resorption. As a result, an 
average of 5% bone loss is observed in the vertebrae per year. Although less common, 

30 osteoporosis also affects elderly men. The existence of osteoporosis in elderly men may also 
be due, in part, to insufficient estrogen levels caused by a decrease in circulating testosterone. 

Therapeutic strategies for overcoming bone loss include both the prevention 
of bone resorption and the stimulation of bone growth. The majority of therapeutic targets 
that have led to efficacious osteoporosis treatments fall into the former category. Thus, the 

35 first line of treatment/prevention of this condition has historically been the inhibition of bone 
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resorption using compounds such as bisphosphonates, estrogens, selective estrogen receptor 
modulators (SERMs), and calcitonin. Because inhibition of bone resorption cannot restore 
bone nnass, this approach is an ineffective treatment for patients who have already lost a 
significant amount of bone (> 30%). Additionally, the effectiveness of osteoporosis 
5 treatments that function by this mechanism is not consistent across the skeletal anatomy 
because the rate of bone tumover differs from one site to anoth^. For example, the bone 
tumover rate is higher in the trabecular bone of the vertebrae than in the cortex of the long 
bones; thus, bone resorption inhibitors are less effective in increasing hip bone mineral 
density (BMD) and preventing hip fracture. Therefore, osteoanabolic agents, which increase 

10 cortical/periosteal bone formation and bone mass at long bones, would address an unmet 
need in the treatment of osteoporosis, especially for patients with high risk of hip fractures. 

One potential therapeutic target for metabolic disorders, including 
osteoporosis, is the low-density lipoprotein receptor related protein 5 (LRP5). LRP5 belongs 
to the low density lipoprotein receptor (LDLR) gene family of cell surface receptors, 

15 charactCTized by cysteine-rich, complement-type LDLR ligand binding domains. LRP5 was 
isolated based on its proximity to the locus of osteoporosis pseudoglioma syndrome (OPG), 
an autosomal recessive disorder characterized by severe osteoporosis (Hey et al.. Gene 216: 
103-111 (1998); Todd et al., WO 98/46743). Additional support for the notion that LRP5 
represents a therapeutic target for osteoporosis comes from the observation that loss-of- 

20 function mutations of LRP5 lead to OPG (CJong et aL, Cell 107: 513-523 (2001)). 

Interestmgly, aberrant expression of LRP5 is also associated with high bone 
mass trait (HBM), an autosomal dominant human genetic skeletal condition characterized by 
strikingly increased bone mass. Positional cloning of the HBM mutation demonstrated that 
HBM results from a G171V mutation of the LEIP5 gene that leads to a gain of function (Little 

25 et al., Ahl J. Hum. Genet. 70: 11-19 (2002); Boyden et al., N. Eng. J. Med. 346: 1513-1521 
(2002)). These complementary findings, together with the finding that null mutations of 
LRP5 m mice results in severe bone loss (Kato, J. Cell Biol. 157: 303-314 (2002)), suggest 
that LRP5 has an important role in bone formation and bone mass in humans. 

Despite its specific role in stimulating bone growth, the LRP5 gene was 

30 shown to have a nearly ubiquitous expression profile. The mechanism by which activation of 
LRP5 leads to osteogenesis is not known. However, at the molecular level, it was recently 
shown that LRP5 and closely related LRP6 are involved in Wingless (Wnt) signaling as co- 
receptors for Wnt Wnt activated genes encode secreted proteins inoplicated in a diverse 
array of developmental and adult physiological processes, such as mediating cell growth and 

35 differentiation in the central nervous system. It was also shown that LRP5 and LRP6 are 
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receptors for the secreted protein Dickkopf-1 (Dkk-1) and that their association with Dkk-1 
represses Wnt signaling (Mao et al., Nature 41 1: 321-325 (2001); Semenov et al., Cuir. Biol. 
11: 951-961 (2001); Bafico et al.. Nat Cell BioL 3: 683-686 (2001)). 

Dickkopf-1 is a secreted protein that participates in embryonic head 
5 induction and antagonizes Wnt signaling (Glinka et al.. Nature 391: 357-362 (1998)). The 
amino acid sequence of human Dkk-1 protein and the nucleotides encoding it have been 
described in WO 00/52047 to McCarthy and Krupnick et al.. Gene 238: 301-313(1999). 
Expression of Dkk-1 in humans was thought to be restricted to the placenta, suggesting a role 
for Dkk-1 in embryonic development (Krupnick et al., supra). WO 02/092015 to Allen et al. 

10 describes assays relating to the interaction between LRP5, HBM (a variant of LRP5), or 

LRP6 with Dkk-1. hi humans, Dickkopf-1 is a member of a Dickkopf gene family which at 
present has been shown to include Dkk-1, Dkk-2, Dkk-3, and Dkk-4 (Krapnick et al., supra). 
While Dkk-1 and Dkk-4, but not Dkk-2 or Dkk-3, have been shown to suppress Wnt-induced 
secondary axis induction in Xmopus embryos, neither block axis induction triggered either 

15 by Xenopus Dishevelled protein or Frizzled protein which suggests that their Wnt inhibitory 
activity is by a mechanism upstream of the Frizzled protein's position in the Wnt signaling 
pathway (Krupnick et al., supra). It has been suggested that Dkk-1 or Dkk-2 might have an 
inhibitory effect on bone formation and that either might be a target for the prevention or 
treatment of osteoporosis (Patel and Karensky, N. Eng. J. Med. 346: 1572-1573 (2002); 

20 Boyden et al., N. Eng. J. Med. 346: 1513-1521 (2002)). A role for Dkk-4 in the Wnt 
signaling pathway is not clear. 

hi addition to LRP5 and LRP6, recent studies indicate that the 
transmembrane proteins kremenl and kremen2 are high-afEinity Dkk-1 receptors which 
functionally cooperate with Dkk-1 to block Wnt signaling, thereby, regulating central nervous 

25 system patternmg during embryonic development (Mao et al.. Nature 417: 664-667 (2002); 
Davidson et al.. Development 129: 5587-96 (2002)). Currendy, it is believed that Dkk-1 
inhibits LRP5 or LRP6 activated Wnt signaling by cooperating with kremen to form a temary 
complex with the LRP5 or LRP6. The temary complex is rapidly endocy tosed which 
removes the LPR5 or LRP6 from the membrane, thus preventing LPR5 or LPR6 from binding 

30 Wnt 

Despite our increased understanding of the regulation of bone formation, 
osteoporosis has remained a leading health concem because traditional therapies, which act 
by preventing bone loss, are ineffective treatments for patients who have already suffered 
significant bone loss. Because patients who have lost significant bone tissue have bones 
35 which are britde and easily broken, it would be particularly desirable to have treatments for 
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osteoporosis (and other disorders characterized by bone-loss) which are osteoanabolic, that 
is, treatments which stimulate bone growth. Therefore, there is a need for a method for 
identifying compounds or drugs for treating osteoporosis and other bone mass disorders 
which stimulate bone growth. Such compounds would be an ideal treatment for osteoporosis 
5 as a monotherapy or in combination with inhibitors of bone resorption, such as 

bisphosphonates, estrogens, SERMs, catfaepsin K inhibitors, aV^3 antagonists, calcitonin, 
proton punq> inhibitors. 

BRIEF SUMMARY OF THE D^VENTION 

10 The present invention provides methods for identifying analytes which 

interfere with the interaction between the Macaca fascicularis (cynomolgus monkey) 
Dickkopf-4 (cDkk-4) protein and a homologous or heterologous Dkk receptor or binding 
partner. In one aspect, the present invention provides an isolated cDkk-4 protein, isolated 
nucleic acid molecules which encode the cDkk-4 protein, and recombinant vectors and hosts 

IS comprising the nucleic acid encoding the cDkk-4 protein. In another aspect, the present . 
invention provides methods for using the isolated cDkk-4 protein to identify analytes which 
interfere with the interaction between the cDkk-4 protein and one or more homologous or 
heterologous Dkk receptors or binding partners such as human LRP5, LRP6, kremenl, or 
kremen2 and which stimulate bone formation. Analytes identified using one or more of the 

20 methods disclosed herein are useful for treating osteoporosis and other bone mass disorders 
characterized by bone loss. 

Therefore, the present invention provides an isolated nucleic acid molecule 
comprising a nucleotide sequence encoding a cDkk-4 protein which has an amino acid 
sequence as set forth in SEQ ID NO:2. In further embodiments, the isolated nucleic acid is a 

25 DNA molecule, an RNA molecule, or a cDNA molecule. In a further still .enobodiment, the 
nucleic acid has a nucleotide sequence substantially as set forth in SEQ ID NO: 1. The 
present invention further provides a protein comprising an amino acid sequence as set forth 
in SEQ ID NO:2. It is preferable that the cDkk-4 protein be capable of binding a Dkk 
receptor, preferably, a Dkk receptor selected from the group consisting of low-density 

30 lipoprotein receptor protein 5 CLRPS), low-density lipoprotein receptor protein 6 (LRP6), 
kremenl, and kremen2. It is particularly preferable that the cDkk-4 be capable of binding 
LRP5orLRP6. 

The present invention further provides an antibody which binds a protein 
conq>rising an amino acid sequence as set forth in SEQ ID NO: 2. In particular embodiments, 
35 the antibody is selected from the group consisting of polyclonal antibodies, monoclonal 
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antibodies, single VH chain antibodies. Fab fragments, and recombinant antibodies. In 
embodiments in which the antibody is a recombinant antibody, the recombinant antibody 
includes recombinant antibodies selected from the group consisting of scFv polypeptides and 
VH chain polypeptides- 

5 The present invention further provides a vector comprising a nucleic acid 

encoding a cDkk-4 protein which has an amino acid sequence as set forth in SEQ ID NO:2. 
In particular embodiments, the vector is selected from the group consisting of plasmids and 
viruses. In further still embodiments, the nucleic acid is operably linked to a promoter which 
includes one or more regulatory sequences which enable expression of the polypeptide. In 

10 particular embodiments, the promoter provides inducible expression and in other 

embodiments, the promoter provides constitutive expression. In a further still embodiment, 
the nucleic acid includes the nucleotide sequence set forth in SEQ ID NO: 1. 

The present invention further provides a cell comprising a nucleic acid 
encoding a cDkk-4 protein which has an amino acid sequence as set forth in SEQ ID NO:2 

IS wherein the nucleic acid is operably linked to a heterologous promoter. The cell can be a 
prokaryote cell or a eukaryote cell. In embodiments which include eukaryote cells, the cell 
can be of mammalian, insect, amphibian, fungal, or plant origin. 

The present invention further provides a method for producing a cDkk-4 
protein which binds a homologous or heterologous low-density lipoprotein receptor protein 5 

20 (LRP5) comprising (a) providing a nucleic acid encoding the cDkk-4 protein operably linked 
to a heterologous promoter; (b) introducing the nucleic acid into a cell to produce a 
recombinant cell; and (c) culturing the recombinant cell under conditions which allows 
expression of the cDkk-4 protein to produce the cDkk-4. In further embodiments, the nucleic 
acid encodes, a protein which comprises an amino acid sequence as set forth in SEQ ID NO:2 

25 or the nucleic acid has a nucleotide sequence as set forth in SEQ ID NO: 1. In some 

embodiments, the cell is a prokaryote cell and in other embodiments, the cell is a eukaryote 
cell. Ih further embodiments, the LRP5 is a human LRP5. 

The present invention further provides a method for determining whether an 
analyte is an antagonist of Dickkopf 4 (Dkk-4) comprising providing a polypeptide 

30 con^rising the extracellular domain of a Dkk-4 receptor; contacting the polypeptide with a 
cynomolgus monkey Dkk-4 (cDkk-4) and the analyte; and deterntiining whether binding of 
the cDkk-4 to the polypeptide is decreased in the presence of the analyte, wherein a decrease 
in the binding indicates that the analyte is an cDkk-4 antagonist. 
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In a further aspect of the above method, the Dkk-4 receptor is low-density 
lipoprotein receptor related protein 5 (LRP5) or low density lipoprotein receptor related 
protein 6 (LSP6) or the receptor is kremenl or kremen2. 

In further still aspects, the cDkk-4 is labeled with a detectable molecule, for 
5 example, alkaline phosphatase, radioactive isotope, lanthanide such as europium, or a 

fluorescent dye, or the cDkk-4 is a fusion protein in which the amino or carboxyl terminus of 
the cDkk-4 is covalently linked to a detectable protein or polypeptide, including but not 
limited to, c-myc, which can be detected using an antibody against the c-myc, or an enzyme, 
for example, alkaline phosphatase, which can be detected in a colorimetric assay, or other 

10 detectable protein, for example, luciferase or Green fluorescent protein, which can detected 
by monitoring emission of light or fluorescence. 

The present invention further provides a method for determining whether an 
analyte is an antagonist of Dickkopf-4 (Dkk-4) protein, which comprises providing a 
recombinant cell which produces one or more Dkk-4 receptors; introducing a reporter 

15 expression vector into the recombinant cell which comprises a reporter gene operably linked 
to a promoter responsive to Wnt-mediated signal transduction to provide a second 
recombinant cell; exposmg the second recombinant cell to the analyte and to a cynomolgus 
monkey Dkk-4 (cDkk-4); and measuring expression of the reporter gene, wherein an increase 
in expression of the reporter gene in the presence of the analyte relative to expression of the 

20 reporter gene m the absence of the analyte indicates that the analyte is a Dkk-4 antagonist. 

In further aspects of the above method, the one or more Dkk-4 receptors are 
selected from the group consisting of low-density lipoprotein receptor protein 5 (LRP5), low- 
density lipoprotein receptor protein 6 ^-RP6), kremenl, kremen2, and conibinations thereof. 

In particular aspects, the reporter gene is selected from the group consisting 

25 of the P-galactosidase gene, P-lactamase gene, p-glucoronidase gene, Green fluorescent 
protein gene, and luciferase gene, each operably linked to a heterologous promoter which 
preferably contains one or more Wnt signaling-responsive transcription control factor 
elements or binding sites. In further still aspects of the above method, the promoter 
comprises one or more lymphoid enhancer factor/T cell factor (JCP/LEP) binding sites. 

30 In further still aspects of the above method, the cDkk-4 is provided 

exogenously as an isolated cDkk-4 protein or as a component of a medium obtained from a 
culture comprising a second recombinant cell which expresses the cDkk-4 or the cDkk-4 is 
provided by cotransfecting the second recombinant cell with an expression vector encoding 
the cDkk-4. 
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In further still aspects of the above method, a Wnt ligand is provided 
exogenously to the second recombinant cell as an isolated Wnt ligand or as a component of a 
medium obtained from a culture conqirising a second recombinant cell which expresses the 
Wnt ligand or the Wnt ligand is provided to the second recombinant cell by cotiansfecting 
5 the second recombinant cell with an expression vector encoding the Wnt ligand. 

The present invention further provides a method for determining whether an 
analyte interferes with binding of Dickkopf-4 (Dkk-4) protein to a Dkk-4 receptor, which 
conq>rises providing a recombinant cell which expresses the Dkk-4 receptor; culturing the 
reconobinant cell in a culture medium which contains a cynomolgus monkey Dkk-4 (cDkk-4) 

10 protein and the analyte; and measuring the cDkk-4 bound to the cDkk-4 receptor, wherein a 
decrease in the cDkk-4 protein bound to the Dkk-4 receptor in the presence of the analyte 
relative to cDkk-4 protein bound in the absence of the analyte indicates that the analyte 
interferes with the binding of the Dkk-4 protein to the Dkk-4 receptor. 

In further aspects of the above method, the Dkk-4 receptor is selected from 

IS the group consisting of low-density lipoprotein receptor protein 5 (LRP5), low-density 
lipoprotein receptor protein 6 (LRP6), krenoenl, kremen2, and combinations thereof. 

In further still aspects, the cDkk-4 is labeled with a detectable molecule, for 
example, alkaline phosphatase, radioactive isotope, lanthanide such as europiiun, or a 
fluorescent dye, or the cDkk-4 is a fusion protein in which the amino or carboxyl terminus of 

20 the cDkk-4 is covalently linked to a detectable protein or polypeptide, including but not 

limited to, c-myc, which can be detected using an antibody against the c-myc, or an enzyme, 
for example, alkaline phosphatase, which can be detected in a colorimetric assay, or other 
detectable protein, for example, luciferase or Green fluorescent protein, which can detected 
by monitoring enndssion of light or fluorescence. 

25 The present invention further provides a method of identifying an analyte 

that induces Wnt signaling comprising: transfecting a recombinant cell expressing one or 
more Dkk-4 receptors with a reporter gene operably linked to a promoter responsive to Wnt- 
mediated signal transduction; exposing the cells to an analyte, cynomolgus monkey Dkk-4 
(cDkk-4), and a Wnt ligand; measuring expression of the reporter gene, wherein an increase 

30 in expression of the reporter gene in the presence of the analyte relative to expression of the 
reporter gene in the absence of the analyte indicates that the analyte induces the Wnt 
signaling. 

In further aspects of the above methods, the one or more Dkk-4 receptors are 
selected from the group consisting of low-density lipoprotein receptor protein 5 (LRP5), low- 
35 density lipoprotein receptor protein 6 (LRP6), kremenl, kremen2, and combinations thereof. 
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In particular aspects* the reporter gene is selected from the group consisting 
of the P-galactosidase gene, P-Iactaxnase gene, p-glucoronidase gene. Green fluorescent 
protein gene, and lucif erase gene, each operably linked to a heterologous promoter which 
preferably contains one or more Wnt signaling-responsive transcription control factor 
5 elements or binding sites. In further still aspects of the above method, the promoter 
conq)rises one or more lymphoid enhancer factor/T cell factor (TC3F/LEF) binding sites. 

In further still aspects of the above method, the cDkk*4 is provided 
exogenously as an isolated cDkk'4 protein or as a conq>onent of a medium obtained from a 
culture comprising a second recombinant cell which expresses the cDkk-4 or the cDkk-4 is 
10 provided by cotransfecting the second recombinant cell with an expression vector encoding 
the cDkk-4. 

In further still aspects of the above method, a Wnt ligand is provided 
exogenously to the second recornbinant cell as an isolated Wnt ligand or as a component of a 
medium obtained from a culture conq>rising a second recombinant cell which expresses flie 

IS Wnt ligand or the Wnt ligand is provided to the second recombinant cell by cotransfecting 
the second recombinant cell with an expression vector encoding the Wnt ligand. 

The present invention further provides a method for determining whether a 
compound inhibits Dickkopf 4 (Dkk-4) protein suppression of osteoblast differentiation 
comprising providing plmipotent cells which can be induced to differentiate along an 

20 osteoblast lineage; transfecting the cells with a first expression vector which expresses a 
cynomolgus monkey Dkk-4 (cDkk-4) protein, a second expression vector, which expresses 
low-density lipoprotein receptor protein QJEUP), and a third expression vector which 
expresses Wnt protein; incubating the cells in a medixmi containing the analyte for a time 
sufficient for expression of the cDkk-4 protein, LRP. and Wnt protein; and measuring 

25 expression of one or more osteoblastic markers wherein expression of the one or more 

markers indicates that the analyte inhibits cDkk-4 suppression of osteoblast differentiation. 

In further aspects of the above methods, the pluripotrat cell is a pluripotent 
marrow stromal cell or a pluripotent mesenchymal cell. In a further still embodiment, the 
pluripotent cell is selected from the group consisting of ST2 cells and C3H10T1/2 cells. In 

30 further still embodiments, the LRP is selected from the group consisting of LRP5 or LRP6. 
In a further still embodiment, the one or more osteoblastic markers are selected from the 
group consisting of alkaline phosphatase, Bglap, and Runx2. Preferably, the osteoblastic 
marker is alkaline phosphatase activity. In further embodiments, the LRP5 and Wnt protein 
are heterologous and in further still embodiments, the LRP5 and Wnt protein are of human 

35 origin. 
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As used throughout the specification and in the appended claims, the singular 
forms "a/* "an," and '*the" include the plural reference unless the context clearly dictates 
otherwise. 

As used throughout the specification and appended claims, the following 
5 definitions and abbreviations apply. 

The term "cDkk-4 protein" means that the cDldc-4 protein is of cynomolgus 
monkey origin, either isolated from cynomolgus monkey tissue, produced from a nucleic acid 
obtained from the cynomolgus monkey by recombinant means, produced from a nucleic acid 
synthesized in vitro but which encodes the cDkk-4 protein, or synthesis^ in vitro. The term 
10 further includes biologically active fragments or portions of the cDkk-4 protein. 

The term 'T)kk-4 protein" means that the Dkk-4 protein is not of cynomolgus 
monkey origin. The Dkk-4 protein can be from another organism, for example, insects such 
as Drosophila, amphibians such as Xenopus, mammals such as rat and moiise, and humans. 
The Dkk-4 piotein can either be isolated from tissue of the organism, produced from a 
IS nucleic acid obtained from the organism by recombinant means, produced from a nucleic acid 
synthesized in vitro but which encodes the Dkk-4 protein, or synthesized in vitro. The term 
further includes biologically active fragments or portions of the Dkk-4 proteia. 

The term 'T>kk protein" means that the protein is selected from ^e group 
consisting of Dkk-1 protein, Dkk-2 protein, Dkk-3 protein, and Dkk-4 protein. The Dkk 
20 protein can be of cynomolgus monkey origin or originate from another organism, for 

exanq)le, insects such as Drosophila, amphibians such as Xenopus, mammals such as rat and 
mouse, and humans. The Dkk protein can either be isolated from tissue of the cynomolgus 

■ 

monkey or organism or produced from a nucleic acid obtained from the cynomolgus monkey 
or organism by recombinant means, produced from a nucleic acid synthesized in vitro but 

25 which encodes the Dkk protein, or synthesized in vitro. The term further includes 
biologically active fragments or portions of the Dkk protein. 

The term "Dkk receptor" means a binding partner of Dkk-4 which binds or 
interacts with the cDkk-4 protein or Dkk-4 protein. The term further includes binding 
partners which can bind one or more Dkk proteins selected from the group consisting of Dkk- 

30 1 protein, Dkk-2 protein, Dkk-3 protein, and Dkk-4 protein regardless of whether they 
originate from the cynomolgus monkey, another organism, expressed from a nucleic acid 
synthesized in vitro, or synthesized in vitro. Exanq)les of binding partners include LRPS, 
LRP6, kremenl, and kremen2. The teim further includes biologically active fragments or 
portions of the binding partner. 
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The term ''homologous Dkk receptor" means a Dkk receptor of cynomolgus 
monkey origin. In other words, the Dkk receptor is isolated firom the cynomolgus monkey or 
obtained firom recombinant cells expressing the receptor firom DNA encoding the 
cynomolgus monkey receptor. The homologous Dkk receptor can be a receptor specific for 
5 cDkk-4 protein or Dkk-4 protein or a receptor which can bind one or more of Dkk-1 protein, 
Dkk-2 protein, Dkk-3 protein, or Dkk-4 protein. 

The term **heterologous Dkk receptor'* means a Dkk receptor not of 
cynomolgus monkey origin. For exanqile, the Dkk receptor is isolated from a human or 
obtained from recombinant cells expressing the receptor from DNA encoding the human 

10 receptor. The heterologous Dkk receptor can be a receptor specific for cDkk-4 protein or 
Dkk-4 protein or a receptor which can bind one or more of Dkk-1 protein, Dkk-2 protein, 
Dkk-3 protein, or Dkk-4 protein. 

The term "promoter" refers to a recognition site on a DNA strand to which 
RNA polymerase binds. The promoter forms an initiation complex with RNA polymerase to 

IS initiate and drive transcriptional activity of a nucleic acid sequence located downstream firom 
the promoter. The promoter can be modified by including activating sequences termed 
"enhancers" or inhibiting sequences termed "silencers" within the promoter. The term 
further includes both promoters which are inducible and promoters which are constitutive. 

The term "cassette" refers to a nucleotide or gene sequence that is to be 

20 expressed firom a vector, for exan^le, the nucleotide or gene sequence encoding the cDkk-4 
protein. In general, a cassette comprises a gene sequence inserted into a vector which in 
some embodiments provides regulatory sequences for expressing the nucleotide or gene 
sequence. In other embodiments, the nucleotide or gene sequence provides the regulatory 
sequences for its expression. In further embodiments, the vector provides some regulatory 

25 sequences and the nucleotide or gene sequence provides other regulatory sequences. For 

example, the vector can provide a promoter for transcribing the nucleotide or gene sequence 
and the nucleotide or gene sequence provides a transcription termination sequence. The 
regulatory sequences which can be provided by the vector include, but are not limited to, 
enhancers, transcription temoination sequences, splice acceptor and donor sequences, introns, 

30 ribosome binding sequences, and poly(A) addition sequences. 

The term '^^ector" refers to a means by which DNA fiagments can be 
introduced into a host organism or host tissue. There are various types of vectors including 
plasmid, virus (including adenovirus), bacteriophage, and cosmid. 

"Substantially free firom other nucleic acids" means at least 90%, preferably 

35 95%, more preferably 99%, and even more preferably 99.9%, free of other nucleic acids. As 
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used interchangeably, the terms "substantially free from other nucleic acids," "substantially 
purified," "isolated nucleic acid" or "purified nucleic acid" also refer to DNA molecules 
which comprise a coding region for a cDkk-4 polypeptide that has been purified away from 
other cellular components. Thus, a cDkk-4 DNA preparation that is substantially free from 
5 other nucleic acids will contain, as a percent of its total nucleic acid, no more than 10%, 

preferably no more than S%, more preferably no more than 1%, and even more preferably no 
more than 0. 1%, of non-cDkk-4 nucleic acids. Whether a given cDkk-4 DNA preparation is 
substantially fiiee from other nucleic acids can be determined by such conventional 
techniques of assessing nucleic acid purity such as agarose gel electrophoresis combined with 

10 an appropriate staining method such as ethidium bromide staining, or by sequencing. 

"Substantially free from other polypeptides" or "substantially purified" 
means at least 90%, preferably 95%, more preferably 99%, and even more preferably 99.9%, 
free of other proteins. Thus, a cDkk-4 protein preparation that is substantially free from other 
proteins will contain, as a percent of its total protein, no more than 10%, preferably no more 

15 than 5%, m<^e preferably no more than 1%, and even more pref^bly no more than 0. 1%, of 
non*-cDkk-4 proteins. Whether a given cDkk-4 protein preparation is substantially free from 
other proteins can be determined by such conventional techniques of assessing protein- purity 
as, e.g., sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) combined 
with appropriate detection methods, for example, silver staining or immimoblotting. 

20 As used interchangeably, the terms "substantially free from other proteins" 

or "substantially purified," or "isolated cDldc-4 protein" or **purified cDkk-4 protein" also 
refer to cDkk-4 protein which has been isolated from a natural source. Use of the term 
"isolated" or "purified" indicates that cDkk-4 protein has been removed from its nomtial 
cellular enviromnent. Thus, an isolated cDkk-4 protein may be in a ceU-free solution or 

25 placed in a different cellular environment from that in which it occurs naturally. The term 

isolated does not imply that an isolated cDkk-4 protein is the only protein present, but instead 
means that an cDkk-4 protein is substantially free of other proteins and non-amino acid 
material (for example, nucleic acids, lipids, carbohydrates) naturally associated with the 
cDkk-4 protein in vivo. Thus, a cDkk-4 protein that is recombinantly expressed in a 

30 prokaryotic or eukaryotic cell and substantially purified from this host cell and which does 

not naturally (that is, without intervention) express this cDkk-4 protein is an "isolated cDkk-4 
protein" under any of circumstances referred to herein. As noted above, a cDkk-4 protein 
preparation that is an isolated or pinified cDkkr4 protein will be substantially free from other 
proteins and will contain, as a percent of its total protein, no more than 10%, preferably no 
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more than 5%, more preferably no more than 1%, and even more preferably no more than 
0.1%, of non- cDkk-4 protein. 

A "conservative amino acid substitution" refers to the replacement of one 
amino acid residue by another, chemically similar, amino acid residue. Examples of such 
5 conservative substitutions are: substitution of one hydrophobic residue (isoleucine, leucine, 
valine, or methionine) for another; substitution of one polar residue for another polar residue 
of the same charge (e.g., arginine for lysine; glutamic acid for aspartic acid). 

The term "mammalian" refers to any mammal^ including a human being. 

The term **treatment" refers to both therapeutic treatment and prophylactic or 
10 preventative measures. Those in need of treatment include those akeady with the disorder as 
well as those prone to have the disorder or those in which the disorder is to be prevented. 

A "disorder" is any condition that would benefit from treatment with 
molecules identified by the methods described herein. This includes chronic and acute 
disorders or diseases including those pathological conditions which predispose the mammal 
15 to the disorder in question. The methods of the present invention are intended to identify 
molecules to be used for the treatment of disorders or conditions associated with aberrant 
bone mass, including, but not limited to, osteoporosis, bone firactures, osteomyeHtis, 
hypercalcemia, osteogenesis imperfecta, and anorexia. Also contemplated is the use of the 
methods described herein to identify molecules for the treatment of disorders of cholesterol, 
20 glucose, and/or fat metabolism such as diabetes mellitus, hypercholesterolemia, or obesity. 

The term "analyte" includes molecule, compound, composition, drug, 
protein, peptide, nucleic acid, antibody and active firagment theieof , nucleic acid aptamer, 
peptide aptamer, and the like. 



25 BRIHF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the nucleotide sequence encoding the cynomolgus monkey 
cDkk-4 protein (SBQ ID NO:l). The position of various restriction endonuclease sites are 
shown. 

Figure 2 shows the amino acid sequence for the cjniomolgus monkey cDkk-4 

30 protein. 

Figure 3 shows the nucleotide sequence encoding the cynomolgus monkey 
cDkk-4 protein (SEQ ID NO: 1) aligned with the nucleotide sequence encoding the human 
Dkk-4 protein (SEQ ID NO:3). 
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Figure 4 shows the amino acid sequence of the cynomolgus monkey cDkk:-4 
protein (SEQ ID NO:2) aligned with the amino acid sequences for the human Dkk-4 protein 
(SEQ ID NO:4) and the mouse Dkk-4 protein (SEQ ID NO:5). 

Figure 5 shows a bar graph of Dkk-1 gene expression in a variety of human 
5 tissues compared to Dkk-1 expression in monkey bone. Expression was measured by 
TAQMAN RT-PCR analysis of cDNA prepared from RNA isolated from the tissue. 

Figure 6 shows a bar graph of Dkk-2 gene expression in a variety of human 
tissues compared to Dkk-2 expression in monkey bone. Expression was measured by 
TAQMAN RT-PCR analysis of cDNA prepared from RNA isolated from the tissue. 
10 Figure 7 shows a bar graph of Dkk-4 gene expression in a variety of human 

tissues compared to Dkk-4 expression in monkey bone. Expression was measured by 
TAQMAN RT-PCR analysis of cDNA prepared from RNA isolated from the tissue. 

Figure 8 shows a bar graph of LRP5 gene expression m a variety of human 
tissues conq)ared to LRP5 expression m monkey bone. Expression was measured by 
15 TAQMAN RT-PCR analysis of cDNA prepared from RNA isolated from the tissue. 

Figure 9 shows a bar graph of LRP6 gene expression m a variety of human 
tissues compared to LRP6 expression in monkey bone. Expression was measured by 
TAQMAN RT-PCR analysis of cDNA prepared from RNA isolated from the tissue. 



20 DETAILED DESCRIPTION OF THE INVENTION 

Osteoporosis is characterized by bone loss resulting from an imbalance 
between bone resorption (destruction) and bone formation. This skeletal disorder often leads 
to morbidity and mortality among the elderly, due in part to insufficient estrogen levels. 
Finding novel treatments for osteoporosis is a leading health concern because traditional 

25 therapies, which act by preventing bone loss, are ineffective treatments for patients who have 
akeady suffered significant bone loss. Therefore, a method which can identify analytes that 
stimulate bone growth, particularly in patients who have suffered significant bone loss, 
would be an invaluable tool for discovering and designing novel treatments for osteoporosis 
and other bone mass disorders characterized by loss of bone. 

30 The low-density lipoprotein receptor related protem 5 (LRP5) had been 

previously identified as a target for the development of osteoporosis therapeutics based on its 
genomic proximity to the osteoporosis pseudoglioma syndrome (OPG) locus and the 
observation that LRP5 loss-of-function mutations are associated with OPG (Hey et al.. Gene 
216: 103-111 (1998); Gong et al.. Cell 107: 513-523 (2001)). In addition. Kato et al. (J. Cell 

35 BioL 157: 303-3 14 (2002)) demonstrated that null mutations of LRP5 in mice resulted in 
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severe bone loss, further indicating that LRP5 had a role in the niamtenance of sufficient 
bone mass. It has been shown that LRP5 and its homologue LRP6 are activators of the 
Wingless (Wnt) signaling pathway and that the various Dickkopf (Dkk) protems inhibit the 
Wnt signaling pathway by bmding to LRP5 or LRP6. 
5 A role for IJRP5 in glucose/lipid/fat metabolism was also disclosed in WO 

98/46743 to Todd et al. which showed an LRP5 gene polymorphism in a patient with type I 
(insulin dependent) diabetes. This role is supported in Fujino et al., Proc. Natl. Acad. Sci. 
USA, 100: 229-34 (2003) which showed that LRP5 null mutation mice who are maintained 
on a high fat diet suffer from hypercholesterolemia and impaired glucose metabolism. 

10 Hypercholesterolemia, impaired fat tolerance, and advanced atherosclerosis were also 

observed in LKP5 (-/-) mice who were also null for the Apo-lipoprotein E gene (Magoori et 
al., J. Biol. ChenoL 278: 11331-36 (2003)). Interestingly, a recent report documented the 
negative regulatory role for Wnt signaling, a downstream mediator of LRP5 signaling, in 
adipogenesis (Bennett et aL, J. Biol. Chem. 277: 30998-1004 (2002)). The above 

15 observations demonstrate a role for LRP5 and Wnt signaling in cholesterol, glucose, and fat 
metabolism in addition to their role in bone formation. Thus, the methods disclosed herein 
for identifying analytes which are modulators of Dkk-4 mediated signaling would also be 
useful for identifying analytes which could be used for treating disorders of cholesterol, 
glucose and fat metabolism, including, but not limited to, diabetes, hypercholesterolemia, and 

20 obesity. 

Dkk-4 belongs to the Dickkopf (Dkk) family of secreted proteins which 
comprises Dkk-1, Dkk-2, Dkk-3, and Dkk4. Dkk-1 has been shown to inhibit Wnt signaling 
by directly binding LRP5 and LRP6 (Semenov et al.. Curr. Biol. 1 1: 951-961 (2001); Bafico 
et al., Nat CeU BioL 3: 683-686 (2001)). Dkk-2 has also been shown to iuhibit Wnt 

25 signaling but only in the presence of kremen2. In the absence of kremen2. Dkk-2 activates 
Wnt signaling (Mao and Niehrs, Gene 302: 179-183 (2003). Dkk-3 can bind neither LRP6 or 
kremen (Mao and Niehrs, supra). Northem analysis of a panel of human tissues suggest that 
Dkk-4 is not expressed in embryonic or adult tissues; however, human cDNA libraries probed 
with a Dkk-4-specific probe suggest that Dkk-4 might be expressed in the cerebellum, 

30 activated hun^n T-lymphocytes, lung, and esophagus (Krupnik et al.. Gene 238: 301-313 
(1999)). Although little is known about the function of bkk-4, the close homology of Dkk-4 
to Dkk-1 suggests it too might be an inhibitor of LRP5 and LRP6 signaling and thus, has a 
role in regulating the Wnt signaling pathway. This is supported by Mao and Niehrs, supra^ 
which show that Dkk-4 appears to be similar to Dkk-1 with respect to Wnt inhibition and 

35 kremen cooperation. 
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In one aspect of the invention, the expression profile of Dkk-4 in human 
tissues and monkey bone was analyzed by TAQMAN PGR as described in Example 4. The 
results showed that Dkk-4 appears to be highly expressed in bone and is expressed to a lesser 
extent in cerebellum, whole brain, human testes, small intestine, and mammary gland (Figure 
5 7). This result was surprising in Hght of Krupnik et al., jMpra. In contrast to Dkk-4, the 
results showed that Dkk-1 appears to be preferentially expressed in placenta, cervix, and 
bladder (Figure 5); however, Dkk-1 was also expressed in bone tissue. like Dkk-4, Dkk-2 
was expressed in bone tissue but unlike Dkk-4, Dkk-2 was expressed in a wide variety of 
other tissues as well (Figure 6). LRP5 and LRP6 were expressed in a wide variety of tissues 

10 (Figures 8 and 9, respectively). The high expression of Dkk-4 in bone tissue shown in Figure 
7 and the observations that LRP5 loss-of-fimction mutations are associated with OPG, 
suggest that Dkk-4 is the desired molecular target for novel osteoanabolic treatments to 
replace bone lost via osteoporosis or other bone-loss disorders. 

The isolated cDNA clones, associated vectors, hosts, recombinant 

IS subcellular fractions and membranes, and the expressed and mature forms of rhDkk-1 are 
useful for the identification of analytes that interfere with or alter the molecular and/or 
functional interaction between Dkk-1 and one or more of its receptors including LRP5 or 6, 
kremenl, and kremen2. The analytes can be used in therapeutic pharmaceutical 
con^sitions for the osteoanabolic treatment of disorders involving bone loss such as 

20 osteoporosis and fracture repair. Bone formation is stimulated by treating a patient who has 
suffered bone loss with an analyte (molecule, confound, composition, or drug), which 
inhibits bindmg of Dkk-4 to LRP5, LRP6, kremenl, kremen2, or combinations thereof. By 
inhibiting binding of Dkk-4 to LRP5, LRP6, kremenl, kremen2, or combinations thereof, the 
Wnt signaling pathway is activated which in turn stimulates or increases bone formation in 

25 the patient. To identify analytes that stimulate bone formation, the isolated cynomolgus 

monkey Dkk-4 (cDkk-4) protein is provided. The cDkk-4 is used in methods for identifying 
analytes which stimulate bone formation by antagonizing the association of Dkk-4 to one or 
more Dldc receptors including URPS, LRP6, kremenl, and kremen2. Phaznoaceutical 
compositions identified by the methods of the present invention may be used alone or in 

30 combination with inhibitors of bone resorption such as bisphosphonates, estrogens, selective 
estrogen receptor modulators (SERMs) and calcitonin. 

Therefore, in light of the foregoing, the present invention provides nucleic 
acid molecules which encode the cynomolgus monkey Dickkopf 4 (cDkk-4) protein and 
provides methods for using the nucleic acid molecules and the cDkk-4 protein produced 

35 therefrom in assays for identifying analytes (molecules, compoimds, drugs, or compositions) 
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which modulate (interfere with, alter, enhance, repress, or suppress) the molecular or 
functional interaction between the cDkk-4 protein and one or more homologous or 
heterologous Dkk-4 receptors (for example, LRP5, LRP6, kremenl, and kremen2) and 
analytes in which the modulation stimulates bone formation (for example, activate the Wnt 
5 signaliog pathway in bone tissue with the end result of stimulating bone formation). 

Non-limiting exanq)les of methods for identifying such analytes include (i) 
cell-based blading methods for identifying analytes which inhibit or suppress binding 
between cDkk-4 and one or more homologous or heterologous receptors such as LRP5, 
LRP5, kremenl, or kremen2 expressed in mammalian cells; (ii) cell-free binding methods for 

10 identifying analytes which inhibit or suppress blading between cDkk-4 and one or more 
homologous or heterologous receptors such as LRP5, LRP6, kremenl, kremen2, or 
extracellular domain thereof; (iii) osteoblast differentiation methods for identifying analytes 
which inhibit or suppress Dkk-4 inhibition of differentiation of preosteoblastic cells; and, (iv) 
cell-based reporter methods for identifying analytes which inhibit or suppress cDkk-4 

15 inhibition of one or more homologous or heterologous receptors such as LRP5, LRP5, 

ki^emenl, or kremen2. Thus, the methods described herein are useful tools for identifying 
analytes which modulate molecular and/or functional interactions between cDkk-4 and one or 
more homologous or heterologous receptors. In particular, the methods described herein are 
useful for identifying analytes which are suppressors or inhibitors of Dkk-4 expression or 

20 interfere with, suppress, or inhibit Dkk-4/receptor interactions and thus, are activators of the 
Wnt signaling pathway involved in bone formation, for use in treatments for disorders 
characterized by bone loss. Such disorders include, but are not limited to, osteoporosis and 
other disorders characterized by bone loss. Although not wishing to be bound by theory, the 
identified modulators are useful for stimulating or increasing bone formation because the 

25 modulators antagonize the association between Dkk-4 and one or more Dkk receptors in a 
manner which activates the Wnt pathway. The analytes identified by the methods of the 
present invention are also useful for treatment of disorders of cholesterol or fat metabolism 
such as obesity and diabetes. 

The present invention is particularly useful for identifying analytes of 

30 pharmaceutical importance which can be used in designing therapies or treatments for 

osteoporosis and other disorders which axe characterized by bone loss wherein the object of 
the therapy or treatment is to both inhibit or suppress the bone loss and to stimulate formation 
of bone tissue to replace that bone which had been lost. Therefore, in one aspect of the 
present invention, an isolated nucleic acid molecule is provided which coniprises a sequence 

35 of nucleotides encoding an RNA molecule which can be translated in vivo or in vitro to 
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produce the cynomolgus monkey cDkk-4 protein with the amino acid sequence as set forth in 
SEQ ID NO:2 (Figure 2), In further embodiments, the nucleic acid is substantially free from 
other nucleic acids of the cynomolgus monkey or substantially free from other nucleic acids. 
In a further embodiment, the isolated nucleic acid molecule comprises the nucleotide 
5 sequence set forth m SEQ ID NO: 1 (Figure 1). 

The isolated nucleic acid molecules include both deoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA) ntiolecules encoding the cDkk-4 protein. The isolated 
nucleic acid molecules further include genomic DNA and conq>lementary DNA (cDNA) 
encoding the cDkk-4 protein, either of which can be single- or double-stranded, as well as 

10 synthetic DNA, such as a synthesized, single stranded polynucleotide. When single-stranded, 
the DNA molecule can comprise either the coding (sense) strand or the non-coding 
(antisense) strand. For most cloning purposes, DNA is a preferred nucleic acid. In the case 
of nucleic acid molecules isolated from genomic DNA, the nucleic acid sequences ^coding 
the Dkk-4 protein can be interrupted by one or more introns. 

15 In frirther aspects of the present invention, cDkk-4 proteins are provided 

which have an amino acid sequence which is substantially similar to the amino acid sequence 
set forth SEQ ID NO:2 and nucleic acids wiiich encode the cDkk-4 proteins for use in the 
analy te screening assays disclosed herein. Further provided are nucleic acids encoding the 
cDkk-4 protein which have a nucleotide sequence substantially similar to the nucleotide 

20 sequence set forth in SEQ ID NO: 1. As used herein, the term "substantially similar" with 
respect to SEQ ID NO:2 means that the cDkk-4 protein contains mutations such as amino 
acid substitution or deletion mutations which do not abrogate the ability of the cDkk-4 
protein to bind at least one of its receptors and suppress or inhibit Wnt signaling. The 
mutations include naturally occurring allelic variants and variants produced by recombinant 

25 DNA methods. As used herein, the term "substantially similar** with respect to SEQ ID NO: 1 
means that the cDkk-4 protein encoded by the nucleic acid contains mutations such as 
nucleotide substitution or deletion mutations which do not abrogate the ability of the cDkk-4 
protein to bind at least one of its receptors and suppress or inhibit Wnt signaling. The 
mutations include naturally occurring allelic variants and variants produced by recombinant 

30 DNA methods. In general, any of the foregoing mutations which do not abrogate the ability 
of cDKK-4 protein to bind at least one of its homologous or heterologous Dkk-4 receptors are 
conservative mutations. 

The present invention frirther includes biologically active fragments or 
mutants of SEQ ID NO: 1. Any such biologically active fragment and/or mutant will encode 

35 either a polypeptide or polypeptide fragment which at least substantially mimics the 
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properties or activity of the cDkk-4 protein, including but not limited to the cDkk-4 piotein as 
set forth in SEQ ID NO: 2. Any such polynucleotide includes, but is not limited to, 
nucleotide substitutions, deletions, additions, amino-terminal truncations, and carboxy- 
terminal truncations which do not substantially abrogate the properties or activities of the 
5 cDkk-4 protein produced therefrom. Thus, the mutations of the present invention encode 
mRNA molecules that express a cDkk-4 protein in a eukaryotic cell which has sufficient 
activity (ability to bind one or more of its receptors) to be useful in drug discovery. 

The present invention further includes synthetic DNAs (sDNA) which 
encode the cDkk-4 protein wherein the nucleotide sequence of the sDNA differs from the 

10 nucleotide sequence of SEQ ID NO: 1 but still encodes the cDkk-4 protein as set forth in SEQ 
ID NO:2. For example, to express or enhance expression of the cDkk-4 protein in a 
particular, cell type, it may be necessary to change the sequence comprising one or more of 
the codons encoding the cDkk-4 protein to sequences which enable expression of the cDkk-4 
protein in the particular cell type. Such changes include modifications for codon usage 

IS peculiar to a particular host or removing cryptic cleavage or regulatory sites which would 
interfere with expression of the cDkk-4 protein in a particular cell type. Therefore, the 
present invention discloses codon redundancies which may result in numerous DNA 
molecules expressing an identical protein. For purposes of this specification, a sequence 
bearing one or more replaced codons will be defined as a degenerate variation. Also included 

20 within the scope of this invention are mutations either in the DNA sequence or the translated 
protein that do not alter or do not substantially alter the ultimate physical or functional 
properties of the expressed protein (in general, these mutations are referred to as conservative 
mutations). For example, substitution of valine for leucine, arginine for lysine, or asparagine 
for glutamine noay not cause a change in the functionality of the polypeptide. 

25 It is known that DNA sequences encoding a peptide may be altered so as to 

code for a peptide that has properties that are different than those of the naturally occurring 
peptide. Methods for altering the DNA sequences include, but are not limited to, site- 
directed mutagenesis. Examples of altered properties include, but are not limited to, changes 
in the affinity of an enzyme for a substrate or a receptor for a ligand. 

30 Included in the present invention are DNA sequences that hybridize to SEQ 

ID NO: 1 under stringent conditions. By way of example, and not linaitation, a procedure 
using conditions of high stringency is as follows. Prehybridization of filters containing DNA 
is carried out for about 2 hours to overnight at about 65 ^'C in buffer composed of 6x SSC, 5x 
Denhardt's solution, and 100 /ig/ml denatured salmon sperm DNA. Filters are hybridized for 

35 about 12 to 48 hrs at 65°C in prehybridization mixture containing 100 /ig/ml denatured 
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salmon sperm DNA and 5-20 x 106 cpm of 32P-labeIed probe. Washing of filters is done at 
37°C for about 1 hour in a solution containing 2x SSC, 0.1% SDS. This is followed by a 
wash in O.lx SSC, 0.1% SDS at SO^'C for 45 minutes before autoradiography. Other 
procedures using conditions of high stringency would include either a hybridization step 
5 carried out in 5x SSC, 5x Denhardt's solution, 50% formamide at about 42^C for about 12 to 
48 hours or a washing step carried out in 0.2x SSPE, 0.2% SDS at about 65*^0 for about 30 to 
60 minutes. Reagents mentioned in the foregoing procedures for carrying out high stringency 
hybridization are well known in the art Details of the composition of these reagents can be 
found in Sambrook et al.. Molecular Cloning: A Laboratory Manual 2nd Edition; Cold Spring 
10 Harbor Laboratory Press, Cold Spring Harbor. New York, (1989) or Sambrook and Russell, 
Molecular Cloning: A Laboratory Manual, 3rd Edition. Cold Spring Harbor Laboratory 
Press, Plainview, NY (2001). In addition to the foregoing, other conditions of high 
stringency which may be used are also well known in the art. 

In an another aspect of the present invention, a substantially purified form of 

15 a cDkk-4 protein which conq)rises a sequence of amino acids as disclosed in Figure 2 (SEQ 
ID NO:2) is provided. Further provided are biologically active fragments and/or mutants of 
the cDkk-4 protein, which comprise at least a portion of the amino acid sequence set forth in 
SEQ ID NO: 2. These mutations or fragments include, but not limited to, amino acid 
substitutions, deletions, additions, amino terminal truncations, and carboxy-terminal 

20 truncations such that these mutations provide for proteins or protein fragments of diagnostic, 
therapeutic, or prophylactic use and are usefril for screening assays for identifying analytes 
which interfere with the interaction of cDkk-4 and one or more homologous or heterologous 
receptors, such analytes being useful for treatment of osteoporosis or other conditions 
characterized by aberrant bone mass and/or bone loss and treatment of disorders of 

25 cholesterol or fat metabolism such as obesity and diabetes. Ih a particular embodiment, the 
present invention provides an isolated nucleic acid molecule comprising a sequence which 
encodes a mutated cDkk-4 protein comprising the sequence set forth in SEQ ID NO:2 with 
about 1-10 amino acid additions, deletions, or substitutions, wherein the mutated cDkk-4 
polypeptide binds at least a homologous or heterologous UIPS, preferably a human LRP5. 

30 The cDkk-4 proteins of the present invention can be the "naature" protein or 

a fragment or portion thereof, any of which can be a part of a larger protein such as a frision 
protein. It is often advantageous to include covalenUy linked to the amino acid sequmce of 
the cDkk-4 protein, an additional amino acid sequence which contains secretory or leader 
sequences, pro-sequences, sequences which aid in purification of the cDkk-4 proteins such as 

35 multiple histidine residues (polyHis) or antibody-binding epitopes, or one or more additional 



-19 



wo 2005/049797 PCT/US2004/037799 



amino acid sequences which confer stability to the cDkk-4 protein during recombinant 
production. Thus, cDkk-4 fusion proteins are provided which comprise all or part of the 
cDkk-4 protein linked at its amino or carboxyl terminus to proteins or polypeptides such as 
green fluorescent protein (GFP), c-myc epitope, alkaline phosphatase, protein A or G, 
5 glutathione S-transferase (GST), polyHis, peptide cleavage site, or antibody Fc region. Any 
such fusion construct can be expressed in a cell line of interest and used to screen for 
modulators of the cDkk-4 protein disclosed herein. In a particular embodiment, the present 
invention provides an isolated nucleic acid molecule conq)rising a sequence which encodes a 
fusion cDkk-4 protein comprising the sequence set forth in SEQ ID NO:2 or a fusion proteins 

10 with about 1-10 amino acid additions, deletions, or substitutions, wherein the mutated cDkk-4 
protein binds at least a homologous or heterologous LRP5, preferably a heterologous LRP5 
such as a himian LRP5. 

The present invention further provides vectors which comprise at least one of 
the nucleic acid molecules disclosed throughout this specification, preferably wherein the 

IS nucleic acid molecule is operably linked to a heterologous promoter. These vectors can 
comprise DNA or RNA. For most cloning purposes, DNA plasmid or viral expression 
vectors are preferred. Typical expression vectors include plasmids, modified viruses, 
bacteriophage, cosmids, yeast ardfiicial chromosomes, and other forms of episomal or 
integrated DNA, any of which expresses the cDkk-4 protein, polypeptide fragment thereof, or 

20 fusion protein comprising all or part of the cDkk-4 protein encoded therein. It is well within 
the purview of the skilled artisan to determine an appropriate vector for a particular gene 
transfer or other use. As used herein, the term '"recombinant Dkk-4 protein" is intended to 
include any variation of cDkk-4 protein disclosed herein which is expressed from a vector 
transfected into a eukaryote cell or transformed into a prokaryote cell. Transfected eukaryote 

25 cells and transformed prokaryote cells are referred to as recombinant host cells. 

An expression vector containing DNA encoding a cDkk-4 protein or any one 
of the aforementioned variations thereof wherein the DNA is preferably operably linked to a 
heterologous promoter can be used for expression of the recombinant cDkk-4 protein in a 
recombinant host cell. Such recombinant host cells can be cultured under suitable conditions 

30 to produce recombinant cDkk-4 protein or a biologically equivalent form. Expression vectors 
include, but are not limited to, cloning vectors, modified cloning vectors, specifically 
designed plasmids, or specifically designed viruses. 

Commercially available mammalian expression vectors which are suitable 
for recombinant cDkk-4 protein expression include, but are not limited to, pcDNA3.neo 

35 (hivitrogen, Carlsbad, CA), pcDNA3. 1 Gnvitrogen), pcDNA3. 1/Myc-ffis (Livitrogen), pCI- 
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neo (Promega, Madison, WI). pLrrMUS28, pLrrMUS29. pLITMUSSS and pLTTMUSSP 
(New England Bioloabs, Beverly, MA), pcDNAI, pcDNAIan^) (Livitrogen), pcDNAS 
(Invitrogen), pMClneo (Stratagene, La JoUa, CA), pXTl (Stratagene), pSG5 (Stratagene), 
EBO-pSV2-neo (ATCC 37593) pBPV-l(8-2) (ATCC 37110), pdBPV-MMTneo (342-12) 
5 (ATCC 37224). pRSVgpt (ATCC 37199), pRSVneo (ATCC 37198). pSV2-dhfr (ATCC 
37146), pUCTag (ATCC 37460). and 1ZD35 (ATCC 37565), 

Also, a variety of bacterial expression vectors can be used to express 
recombinant cDkk-4 protein in bacterial cells. Commercially available bacterial expression 
vectors which may be suitable for recombinant cDkk-4 protein expression include, but are 
10 not limited to, pCR2. 1 (Invitrogen), pETl la (Novagen. Madison, WI), lambda gtl 1 
(Invitrogen), and pKK223-3 (Pharmacia). 

In addition, a variety of fungal cell expression vectors may be used to 
express recombinant cDkk-4 protein in fungal cells. Conomercially available fungal cell 
e;q>ression vectors which are suitable for recombinant cDkk-4 protein expression include, but 
15 are not limited to, pYES2 (Invitrogen) and Pichia expression vector (Invitrogen). 

Also, a variety of insect cell expression vectors can be used to express 
recombinant cDkk-4 piotein in insect cells. Commercially available insect cell expression 
vectors which can be suitable for recombinant expression of cDkk-4 protein include, but are 
not limited to, pBlueBacHI and pBlueBacHis2 (Invitrogen), and pAcG2T (Pharmingen). 
20 Viral vectors which can be used for expression of recombinant cDkk-4 

protein include, but are not limited to, adenovirus vectors, adeno-associated vims vectors, 
herpesvirus vectors, Sindbis virus vectors, Simliki forest virus vectors, pox virus vectors 
(such as vaccinia viras, fowl pox, canary pox, and the like), retrovirus vectors, and 
baculovirus vectors. Many of viral vectors are conomerciaUy available. 
25 The present invention further provides recombinant host cells transformed or 

* » 

transfected with a vector comprising any one of the aforementioned nucleic acid molecules, 
particularly host cells transformed or transfected with a vector comprising any one of the 
aforementioned nucleic acid molecules wherein the nucleic acid molecule is operably linked 
to a promoter. Recombinant host cells include bacteria such as £1 colU fungal cells such as 

30 yeast, plant cells, mammalian cells including, but not limited to, cell lines of bovine, porcine, 
monkey, human, or rodent origin; and insect cells including, but not limited to, Drosophila 
and silkworm-derived cell lines. For instance, one insect expression system utilizes 
Spodopterafrugiperda (SfZl) insect cells (Invitrogen) in tandem with a baculovirus 
expression vector (pAcG2T, Pharmingen, San Diego, CA). Also, manunalian species which 

35 may be suitable and which are commercially available, include but are not limited to, L cells 
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L-M(TK-) (ATCC CC3L-1.3). L ceUs L-M (ATCC CCaL-1.2), Saos-2 ceUs (ATCC HTB-85), 
293 ceUs (ATCC CRL-1573), Raji ceUs (ATCC CCL.86), CV-1 ceUs (ATCC CCL-70). 
COS-1 cells (ATCC CRL-1650), COS-7 ceUs (ATCC CRL-1651), CHO-Kl cells (ATCC 
CCL-61), 3T3 cells (ATCC CCL-92), NIH/3T3 cells (ATCC CRL-1658), HeLa cells (ATCC 
5 CCL-2), C127I cells (ATCC CRL-1616), BS-C-1 cells (ATCC CCL-26), MRC-5 cells 

(ATCC COL^lTl), HEK293T cells (ATCC CRL-1573), ST2 ceUs (Riken Cell bank, Tokyo, 
Japan RCB0224), C3H10T1/2 cells (JCRB0602, JCRB9080, JCRB0003, or IFO50415), and 
CPAE cells (ATCC CCL-209). Such leconibinant host cells can be cultured under suitable 
conditions to produce cDkk-4 protein or a biologically equivalent form. 

10 As noted above, an expression vector containing DNA encoding cDkk-4 

protein or any one of the aforementioned variations thereof can be used to express the cDkk-4 
protein encoded therein in a recombinant host cell. Therefore, the present invention provides 
a process for expressing a cDkk-4 protein or any one of the aforementioned variations thereof 
in a recombinant host cell comprising introducing the vector comprising a nucleic acid v^hich 

15 encodes the cDkk-4 protein into a suitable host cell and culturing the host cell under 
conditions which allow expression of the cDkk-4 protein. In a fiirther embodiment, the 
cDkk-4 protein has an amino acid sequence substantially as set forth in SEQ ID NO:2 and 
binds at least one homologous or heterologous Dkk-4 receptor such as LRPS, and the nucleic 
acid encoding the cDkk-4 protein is operably linked to a heterologous promoter which can be 

20 constitutive or inducible. Thus, the present invention further provides a cell comprising a 
nucleic acid encoding the cDldc-4 protein which has an amino acid sequence substantially as 
set forth in SEQ ID NO:2, which preferably binds at least one homologous or heterologous 
receptor such as IJEIPS, and wherein the nucleic acid encoding the cDkk-4 protein is operably 
linked to a promoter. . 

25 The nucleic acids of the present invention are preferably assembled into an 

expression cassette that comprises sequences which provide for efficient expression of the 
cDkk-4 protein or variant thereof encoded thereon in a human cell. The cassette preferably 
contains the full-length cDNA encoding the cDkk-4 protein or a DNA encoding a fragment of 
the cDkk-4 protein with homologous or heterologous transcriptional and translational control 

30 sequences operably linked to the DNA. Such control sequences include at least a 

transcription promoter (constitutive or inducible) and transcription termination sequences and 
can further include other regulatory elements such as transcription enhancers, ribosome 
binding sequences, splice junction sequences, and the like. In most embodiments, the 
promoter is a heterologous promoter, however, in particular embodiments, the promoter can 

35 the natural cDkk-4 promoter for ectopic expression of the cDkk-4 in various host cells of 
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non-cynomolgus monkey origin. In a particularly useful embodiment, the promoter is the 
constitutive cytomegalovirus immediate early promoter with or without the intron A 
sequence (CMV) although those skilled in the art will recognize that any of a number of other 
known promoters such as the strong immunoglobulin promoter, Rous sarcoma virus long 
5 teiminal repeat promoter, S V40 small or large T antigen promoter, or the like. A preferred 
transcriptional terminator is the bovine growth hormone terminator although other known 
transcriptional terminators such as SV40 termination sequences can also be used. The 
combination of an expression cassette comprising the cDkk-4 gene operably linked to the 
CMV promoter and the BGH terminator has been found to provide suitable expression of 

10 cDNA encoding the cDkk-4 protein in eukaryote cells {See plasmid pcDNA3. l/Dkk-4yMyc- 
His-directl4 of Example 3). 

Following expression of cDkk-4 protein or any one of the aforementioned 
variations of the cDkk-4 protein in a host cell, cDkk-4 protein or variant thereof can be 
recovered to provide cDkk-4 protein in a form capable of binding one or more homologous or 

15 heterologous Dkk receptors. Several cDkk-4 protein purification procedures are available 
and suitable for use. The cDkk-4 protein can be purified from cell lysates and extracts by 
various combinations of, or individual application of salt fractionation, ion exchange 
chromatography, size exclusion chromatography, hydroxylapatite adsorption 
chromatography, or hydrophobic interaction chromatography. In addition, cDkk-4 protein 

20 can be separated from other cellular polypeptides by use of an immunoafiinity column made 
with monoclonal or polyclonal antibodies specific for cDkk-4 protein or a particular epitope 
thereof. Alternatively, in the case of fusion polypeptides con^rising all or a portion of the 
cDkk-4 protein fused to a second polypeptide, purification can be achieved by affinity 
chromatography conoprising a reagent specific for the second polypeptide such as an antibody 

25 or metal. 

Qoning, expression vectors, transfections and transformations, and protein 
isolation of expressed proteins are well known in the art and have been described, for 
example, in Sambrook et al.. Molecular Cloning: A Laboratory Manual Edition; Cold 
Spring Harbor Laboratory Press, Cold Spring Ifarbor, New York, (1989) or Sambrook and 
30 Russell, Molecular Qoning: A Laboratory Manual, 3rd Edition. Cold Spring Harbor 

Laboratory Press, Plainview, NY (2001). For exanotple, any of a variety of procedures may be 
used to clone DNA encoding cDkk-4 protein from RNA isolated firom the cynomolgus 
monkey. These methods include, but are not limited to, the method shown in Exancples 1-3 
and the following methods. 
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(1) RACE PCR cloning methods such as disclosed in Frohman et al., Proc. 
Nad. Acad. Sci. USA 85: 8998-9002 (1988)). 5' and/or 3' RACE can be perfonned to 
generate a full-length cDNA sequence. This strategy involves using gene-speci£lc 
oligonucleotide primers for FCR amplification of cDkk-4 cDNA. These gene-specific 

5 primers are designed through identification of an expressed sequence tag (EST) nucleotide 
sequrace which has been identified by searching any number of publicly available nucleic 
acid and protein databases. 

(2) Direct functional expression of the cDkk-4 cDNA following the 
construction of a cDkk-4-containing cDNA library in an appropriate expression vector 

10 system. 

(3) Screening a cDkk-4-containing cDNA library constructed in a 
bacteriophage or plasmid shuttle vector with a labeled degenerate oligonucleotide probe 
designed from the amino acid sequence of the cDkk-4 protein. 

(4) Screening a cDkk-4H:ontaining cDNA library constructed in a 
IS bacteriophage or plasmid shuttle vector with a partial cDNA encoding the cDkk-4 

polypeptide. This partial cDNA is obtained by the specific PCR anq)lification of cDkk-4 
DNA fragments through the design of degenerate oligonucleotide primers firom the amino 
acid sequence known for other membrane proteins which are related to the cDkk-4 
polypeptide. 

20 (5) Screening a cDkk-4-containing cDNA library constructed in a 

bacteriophage or plasmid shuttle vector with a partial cDNA or oligonucleotide with 
homology to a mammalian cDkk-4 protein. This strategy may also involve using gene- 
specific oligonucleotide primers for PCR an^lification of cDkk-4 cDNA identified as an 
EST as described above. 

25 (6) Designing 5^ and 3^ gene specific oligonucleotides using SEQ ID NO: 1 

as a template so that either the full-length cDNA can be generated by known RACE 
techniques or a portion of the coding region can be generated by these same known RACE 
techniques to generate and isolate a portion of the coding region to use as a probe to screen 
one of numerous types of cDNA and/or genomic libraries in order to isolate a full-length 

30 version of the nucleotide sequence encoding cDkk-4. 

It would be readily apparent to those skilled in the art that other types of 
libraries, as well as libraries constructed from other ceU typQS or species types, may be useful 
for isolating a cDkk-4-encoding DNA or a cDkk-4 homologue. Other types of libraries 
include, but are not limited to, cDNA libraries derived firom other cells. The selection of 

35 cells or cell lines for use in preparing a cDNA library to isolate a cDNA encoding cDkk-4 can 
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be done by first measxiring cell-associated cDkk-4 activity using any known assay available 
for such a purpose. 

Preparation of cDNA libraries can be perfonned by standard techniques well 
known in the art. Well known cDNA library construction techniques can be found for 
5 example, in Sambrook et al.. Molecular Cloning: A Laboratory Manual 2°^ Edition; Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, New York, (1989) or Sambrook and 
Russell, Molecular Cloning: A Laboratory Manual, 3rd Edition. Cold Spring Harbor 
Laboratory Press, Plainview, NY (2001). Con^lementary DNA libraries roay also be 
obtained from numerous commercial sources, including but not limited to Clontech 

10 Laboratories, Inc. (Palo Alto, CA) and Stratagene (La Jolla, CA). 

The DNA molecules, RNA molecules, and recombinant polypeptides of the 
present invention can be used to screen and measure levels of cDkk-4 expression in 
homologous or heterologous cells. The recombinant polypeptides, DNA molecxiles, and 
RNA molecules lend themselves to the formulation of kits suitable for the detection and 

IS typing of cDkk-4 proteins. Such a kit would conq)ri5e a conq>artmentalized carrier suitable 
to hold in close confinement at least one container. The carrier would further comprise 
reagents such as recombinant cDkk-4 or anti-cDkk-4 antibodies suitable for detecting cDkk-4 
proteins. The carrier may also contain a means for detection such as labeled antigen or 
enzyme substrates or the like. The kit enables identification of polymorphic forms of cDkk-4 

20 protein which can then be used in the previously described methods to determine the effect 

the polymorphism has on binding between the polymorphic cDkk-4 protein and a 

homologous or heterologous Dkk receptor and on the Wnt signaling pathway. 

In accordance with yet another embodiment of the present invention, there 

are provided antibodies having specific affinity for the cDkk-4 protem or epitope thereof. 

25 The term "antibodies'* is intended to be a generic term which includes polyclonal antibodies, 
monoclonal antibodies. Fab firagments, single Vh chain antibodies such as those derived 

firom a library of camel or llama antibodies or camelized antibodies (Nuttall et al., Curr. 
Pharm. Biotechnol. 1: 253-263 (2000); Muyldennans, J. Biotechnol. 74: 277-302 (2001)), 
and recombinant antibodies. The term '^recombinant antibodies" is intended to be a generic 

30 term which includes single polypeptide chains comprising the polypeptide sequence of a 

whole heavy chain antibody or only the amino terminal variable domain of the single heavy 
chain antibody (Vh chain polypeptides) and single polypeptide chains comprising the 
variable light chain domain (VjJ linked to the variable heavy chain domain (Vh) to provide 
a single recombinant polypeptide comprising the Fv region of the antibody molecule (scFv 

35 polypeptides)(5eg, Schnoiedl et aL, J. Immunol. Meth. 242: 101-114 (2000); Schultz et al., 
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Cancer Res. 60: 6663-6669 (2000); Dubel et al., J. ImmunoL Meth. 178: 201-209 (1995); and 
in U.S. Patent No. 6,207,804 Bl to Huston et al.). Construction of recombinant single Vh 

chain or scFv polypeptides which are specific against an analyte can be obtained using 
currently available molecular techniques such as phage display (de Haard et al., J. Biol. 
5 Chem. 274: 18218-18230 (1999); Saviranta et al,, Bioconjugate 9: 725-735 (1999); de 
Gieeff ef al.. Infect. Lnmun. 68: 3949-3955 (2000)) or polypeptide synthesis. In further 
embodiments, the recombinant antibodies include modifications such as polypeptides having 
particular amino acid residues or ligands or labels such as horseradish peroxidase, alkaline 
phosphatase, fluors, and the like. Further still embodiments include fusion polypeptides 

10 which comprise the above polypeptides fused to a second polypeptide such as a polypeptide 
comprising protein A or G. 

The antibodies specific for cDkk-4 protein can be produced by methods 
known in the art. For example, polyclonal and monoclonal antibodies can be produced by 
methods well known in the art, as described, for example, in Kirlow and Lane, Antibodies: A 

15 Laboratory Manual. Cold Spring Harbcn: Laboratory Piess: Cold Spring Harbor, NY (1988). 
cDkk-4 proteins or fragments thereof can be used as immunogens for generating such 
antibodies. Alternatively, synthetic peptides can be prepared (using commercially available 
synthesizers) and used as immunogens. Amino acid sequences can be analyzed by methods 
well known in the art to determine whether they encode hydrophobic or hydrophilic domains 

20 of the corresponding polypeptide. Altered antibodies such as chimeric, humanized, 

camelized, CDR-grafted, or bifunctional antibodies can also be produced by methods well 
known in the art. Such antibodies can also be produced by hybridoma, chemical synthesis or 
recombinant methods described, for example, in Sambrook et al., supra., and Harlow and 
Lane, supra. Both anti-peptide and anti-fiision protein antibodies can be used. (See, for 

25 example, Bahouth et al.. Trends Pharmacol. ScL 12: 338 (1991); Ausubel et al., Cuirent 
Protocols in Molecular Biology (John Wiley and Sons, N.Y. (1989)). 

Antibodies so produced can be used for the immunoaffinity or affinity 
chromatography purification of the cDkk-4 protein or cDkk-4 protein/receptor complexes. 
The above referenced anti-cDkk-4 protein antibodies can also be used to modulate the 

30 activity of the cDkk-4 protein in living animals, in humans, or in biological tissues isolated 
therefrom. Accordingly, contemplated herein are compositions comprising a carrier and an 
amount of an antibody having specificity for cDkk-4 protein effective to block naturally 
occurring cDkk-4 protein from binding to a Dkk receptor, which results in modulation of the 
Wnt signaling pathway such that bone growth is stimulated. 
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Therefore, the nucleic acids encoding cDkk-4 protem or variant thereof, 
vectors containing same, host cells transformed with the nucleic acids or vectors which 
express the cDkk-4 protein or variants thereof, the cDkk-4 protein and variants thereof, as 
well as antibodies specific for cDkk-4 protein, can be used in in vivo or in vitro methods for 
5 screening a plurality of analytes to identify analytes which are modulators of the cDkk-4 
protein/receptor interaction. These methods provide information regarding the function and 
activity of the cDkk-4 protein and variants thereof which can lead to the identification and 
design of molecule, compounds, or compositions capable of specific interactions with human 
Dkk-4 protein. In preferred embodiments, the methods identify analytes which interfere with 

10 the binding of the cDkk-4 protein to a homologous or heterologous Dkk receptor involved in 
the Wnt signaling pathway. Thus, the methods identify analytes which inhibit or suppress 
Dkk-4 protein suppression of Wnt signaling. Such analytes are useful either alone or in 
combination with other confounds for treating osteoporosis and other disorders 
characterized by bone loss or treating disorders of cholesterol or fat metabolism such as 

15 obesity and diabetes. 

Accordingly, the present invention provides methods (screening assays) for 
identifying analytes which modulate the binding of cDkk-4 protein to one or more 
homologous or heterologous Dkk receptors (for example, LRPS, LRP6, kremenl or 
kremen2). That is, screening ntiethod for identifying candidate or test compounds or agents, 

20 for example, peptides, peptidonoimetics, small molecules or other drugs. Modulators can 
include, for exanqple, agonists and/or antagonists. In a particularly preferred embodiment, 
the present invention provides methods for identifying analytes which modulate binding of 
cDkk-4 protein to LRPS and Kremeii2. 

The term "agonist" refers to an agent that numics or upregulates (for 

25 example, potentiates or supplements) cDkk-4 protein bioactivity (and, therefore, human Dkk- 
4 activity). An agonist can be an analyte which noimics a bioactivity of cDklc-4 protein, such 
as transduction of a signal from a Dkk receptor, by, for example, interacting with a human 
Dkk receptor. An agonist can also be an analyte that upregulates expression of cDkk-4 
protein. An agonist can also be an analyte which modulates the expression or activity of a 

30 protein which is located downstream, for exanq>le, of a Dkk receptor, thereby nmnicking or 
enhancing the effect of binding of cDkk-4 protein to the Dkk receptor. 

The term "antagonist" refers to an agent that inhibits, decreases, or 
suppresses a bioactivity of cDkk-4 protein (and, therefore, human Dkk-4 protein). An 
antagonist can be a compound which decreases signaling from cDkk-4 protein, for example, 

35 an analyte that is capable of binding to cDkk-4 protein or a Dkk receptor. A preferred 
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antagonist inhibits or suppresses the interaction between cDkk-4 protein (and, therefore, 
human cDkk-4 protein) and another molecule, such as a Dkk receptor. Alternatively, an 
antagonist can be a compound that downregulates expression of the Dkk-4 gene. An 
antagonist can also be a compound which modulates the expression or activity of a protein 
5 which is located downstream of a Dkk receptor, thereby antagonizing the effect of binding of 
Dkk-4 protein to a Dkk receptor. 

In preferred embodiments, the screeniag methods disclosed herein are useful 
for identifying analytes which bind to the site or domain of cDkk-4 protein that is involved in 
binding to a particular Dkk receptor or to a site or domain on the Dkk receptor which is 

10 involved in binding to the cDkk-4 protein. In either case, the screening ntiethods identify 
analytes which interfere with the binding of cDkk-4 protein to a Dkk receptor. The 
interference in binding can be measured directly by identifying the cDkk-4 protein/Dkk 
receptor complex or indirectly by monitoring a downstream cellular response to the 
interference in binding such as activation of a reporter gene responsive to the interference in 

IS binding or a cellular marker that is expressed in cells induced to differentiate into osteoblasts. 

As used herein, the Dkk receptor can be a receptor specific for cDkk-4 
protein, Dkk protein, or both. The Dkk receptor further includes receptors which can bind 
one or more of Dkk- 1 protein, Dkk-2 protein, Dkk-3 protein, or Dkk-4 protein. 

Id a preferred embodiment, the method identifies analytes which activate 

20 Wnt signaling by inhibiting or suppressing Dkk-4 protein binding to a homologous or 

heterologous Dkk receptor such as LRP5 or LRP6. In a further embodiment, the method 
identifies analytes which activate Wnt signaling by inhibiting or suppressing Dkk-4 protein 
binding to a homologous or heterologous Dkk receptor such as LRPS or LRP6 in 
combination with homologous or heterologous kremenl or kremen2. Methods for identifying 

25 analytes which modulate (interfere with, inhibit, suppress, or stimulate) binding of cDkk-4 

protein to one or more homologous or heterologous Dkk receptors (preferably, a heterologous 
Dkk receptor, most preferably a heterologous Dkk receptor of human origin) include (i) cell- 
based binding methods for identifying analytes which inhibit binding between cDkk-4 protein 
and at least one homologous or heterologous Dkk receptor such as LRPS, LRPS, kremenl, or 

30 kremen2 expressed in mammalian cells; (ii) cell-free binding methods for identifying 

analytes which inhibit binding between cDkk-4 and at least one homologous or heterologous 
Dkk receptor such as LRPS, LRP6, kremenl, kremen2, or extracellular domain thereof; (iii) 
cell-based osteoblast differentiation methods for identifying analytes which inhibit or 
suppress Dkk-4 protein inhibition of differentiation of preosteoblastic cells; and, (iv) cell- 

3S based reporter methods for identifying analytes which modulate cDkk-4 protein inhibition of 
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at least one Dkk receptor such as LEtPS, LRP5, kremenl or kremen2. The cDkk-4 protein 
and the human Dkk-4 protein differ by 10 amino acids (See Figure 4). Therefore, while the 
methods disclosed herein use the cDkk-4 protein and nucleic acids encoding the same, the 
Dkk receptor (for example, LRP5, LRP6, kremenl, and kremen2) and nucleic acids encoding 
5 the same as well as other proteins and nucleic acids encoding proteins conqnising the Wnt 
signaling pathway such as Wnt protein are not limited to those obtained from the cynomolgus 
monkey but can include those polypeptides and nucleic acids encoding the same from other 
mammals such as humans. 

In one embodiment, the invention provides methods for screening a plurality 

10 of analytes for analytes which bind to or modulate the activity of cDkk'4 protein or 

polypeptide or biologically active portion thereof. In another embodiment, the invention 
provides noethods for screening a plurality of analytes for analytes which bind to or modulate 
the activity of a IDkk receptor. The plurality of analytes can be obtained using any of the 
numerous approaches in combinatorial library methods known in the art, including: 

15 biological libraries; spatially addressable parallel solid phase or solution phase libraries; 
synthetic library methods requiring deconvolution; the "one-bead one-compound" library 
method; and synthetic library methods using affinity chromatography selection. The 
biological Ubrary approach is limited to peptide libraries, while the other four approaches are 
applicable to peptide, non-peptide oligomer, or small molecule libraries of compounds (Lam, 

20 Anticancer Drug Des. 12: 145 (1997)). Examples of methods for synthesizing molecular 
libraries can be found in the art, for example, DeWitt et al., Proc. Natl. Acad. Sci. USA 90: 
6909 (1993); Erb et al., Ptoc. Natl. Acad. Sci. USA 91: 11422 (1994); Zuckeimann et al., J 
Med. Chem. 37: 2678 (1994); Cho et al.. Science 261: 1303 (1993); Carrell et al., Angew. 
Chem. Int. Ed. Engl. 33: 2059 (1994); Carell et al., Angew. Chem. Int. Ed. Engl. 33: 2061 

25 (1994); and m GaUop et al.. J. Med. Chem. 37: 1233 (1994). 

Libraries of analytes can be presented in solution (for example, Houghten, 
Biotech. 13: 412-421 (1992)), or on beads (Lam, Nature 354: 82-84 (1991)), chips (Fodor 
Nature, 364: 555-556 (1993)), bacteria or spoie (U.S. Patent No. 5,223,409 to Ladner), 
plasmids (Cull et al., Proc Natl. Acad. Sci. USA 89: 1865-1869 (1992)) or on phage (Scott 

30 and Smith, Science 249: 386-390 (1990); Devlm, Science 249: 404-406 (1990); Cwirla et al., 
Proc. Nafl. Acad. Sci. USA 87: 6378-6382 (1990); FeUci J. Mol. Biol. 222:301-310(1991); 
and, U.S. Patent No. 5,223,409 to Ladner). 

In the various embodiments of the cell-based and cell-free methods disclosed 
herein, the Dkk receptor is preferably obtained from an organism selected from the group 

35 consisting of Xenopus, mouse, rat, and human. More preferably, the Dkk receptor is of 
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human origin. The Dkk receptor is preferably selected from the group consisting of LRP5, 
LRP6, kremenl, and kremen2. For many of the methods disclosed herein, the preferred Dkk 
receptor is LRP5 or LRP6; however, some aspects can further include kremenl or kremen2. 
Therefore, in a particularly preferred aspect, the method includes Dkk receptors LRP5 or 
5 LRP6 and Kremen 1 and/or 2. In a particularly preferred aspect, the ntiethod includes LRPS 
or 6 and Kremen2. Many cell-based methods can further include other components of the 
Wnt pathway such as Wnt protein. Dishevelled protein, and Frizzled protem. Vectors that 
express the human LRPS receptor have been disclosed in U.S. Patent No. 6,555,654 to Todd 
et al.; WO02/092015 to ADen et al.; Mao et al.. Cell 107: 513-523 (2001); and, Mao et aL, 

10 Mol. Cell 7: 801-809 (2001) and vectors that express the human LRP6 receptor are disclosed 
in Mao et al., Nature 41 1: 321-325 (2001). Particular methods further include expression 
vectors which express the Wnt protein. Wnt protein expression vectors have been disclosed 
m Mao et al.. Cell 107: 513-523 (2001); Mao et al.. Nature 411: 321-325 (2001); and 
Boyden et al., N. Eng. J. Med. 346: 1513-1521 (2002). Expression vectors which express 

15 kremenl and kremen2 have been disclosed in Mao and Niehers, Gene 302: 179-183 (2003) 
and Mao et al.. Nature 417: 664-667 (2002). 

In one embodiment of a cell-based method, a recombinant cell which 
expresses a homologous or heterologous Dkk receptor on the ceU surface is contacted with 
cDkk"4 protein, to form a mixture. The mixture is then contacted with an analj^e and the 

20 ability of the analyte to interact with a Dkk receptor is determined. The ability of the analyte 
to interact with a Dkk receptor comprises detennining the ability of the analyte to 
preferentially bind to the Dkk receptor as conq>ared to the ability of cDkk-4 protein to bind to 
the receptor. In anoth^ embodiment, a recombinant cell expressing a homologous or 
heterologous Dkk receptor on the cell surface is contacted with a mixture comprising an 

25 analyte and cDkk-4 protein and the ability of the analyte to interact with the Dkk receptor is 
determined. In a further still embodiment, a recombinant cell expressing a homologous or 
heterologous Dkk receptor on the cell surface is contacted with the analyte to form a mixture. 
The noixture is then contacted with the cDkk-4 protein and the ability of the analyte to inhibit 
the cDkk-4 protein from binding the Dkk receptor is determined. 

30 Determining ability of the cDkk-4 protein or the analyte to bind to the 

homologous or heterologous Dkk receptor on the cell surface can be accomplished by 
detecting the bound cDkk^ protein or analyte. For example, labeled antibodies specific for 
the cDkk-4 protein or the analyte can be used to detect binding or the Dkk-4 protein or 
analyte can be labeled directly with a label. In further embodiments, the cDkk-4 protein can 

35 be a fusion protein in which the amino or czirboxyl terminus of the cDkk-4 is covalently 
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linked to a detectable polypeptide, including but not limited to, myc or an enzyme such as a 
alkaline phosphatase, which can be detected in a colorimetric assay, or a detectable protein 
such as Green fluorescent protein. Determining the ability of the cDkk-4 protein to bind to a 
Dkk receptor in the presence of an analyte can also be accomplished by determining the 
5 activity of the receptor or an enzyme in a pathway responsive to the receptor. For example, 
the activity of the Dkk receptor can be determined by detecting induction of a cellular second 
messenger of the Dkk receptor (for example, intracellular Ca2+, diacylglycerol, IP3, alkaline 

phosphatase, and the like), detecting catalytic/enzyniiatic activity of the Dkk receptor on an 
appropriate substrate, detecting the induction of a reporter gene (comprising a Dkk-4 protein 
10 responsive regulatory element such as Wnt pathway inducible promoter such as the TCF 
binding sites operably linked to a nucleic acid encoding a detectable marker, for example, 
liiciferase), or detecting a cellular response, for example, development, differentiation, or rate 
of proliferation. 

Thus, in a particular embodiment, a cell-based binding method is provided 

15 which measures the ability of an analyte to noodulate binding of cDkk-4 protein to a 

homologous or heterologous Dkk receptor on the surface of a manunalian cell transfected 
with one or more expression vectors which expresses the Dkk receptor (for example, one or 
more expression vectors selected from the group consisting of vectors which express LRP5, 
LRP6, kremenl, and kremen2). The transfected cells are incubated in medium containing 

20 cDkk-4 protein, preferably labeled with a reporter molecule such as alkaline phosphatase, 
radioactive isotope, lanthanide such as europium, or a fluorescent dye, and an analyte. After 
incubation, the medium is removed and the cells treated with a reagent which detects the 
cDkk-4 protein, for example a substrate and chromagen for detecting alkaline phosphatase 
activity, a labeled antibody specific for the cDkk-4 protein, or appropriate light wavelength to 

25 induce the fluorescent dye or lanthanide to emit light. A lack of detectable signal from the 
reagent indicates that the analyte interferes with the ability of the cDkk-4 protein to bind the 
cDkk receptor. Conversely, presence of detectable signal from the reagent indicates that the 
analyte has no apparent interfering effect on the ability of cDkk-4 protein to bind the Dldc 
receptor. Cell binding methods which can be modified to use the cDkk-4 protein are 

30 described in Mao et al.. Nature 411: 321-325 (2001), Mao et al.. Nature 417: 664-667 (2002). 

By way of example, a suitable cell such the human HEK293T cell is 
transfected with one or more expression vectors, each of which expresses a Dkk receptor (for 
example, one or more expression vectors selected from the group consisting of vectors which 
express LRP5, LRP6, kremenl, and kremen2). Transfection can be performed using any one 

35 of transfection methods well known in the art, such methods including electroporation, 

-31- 



wo 2005/049797 PCTAJS2004/037799 



LBPOEECTIN (Ihvitrogen), Calcium phosphate precipitation, DEAE-dextran, or FuGENE 6 
(Roche Applied Sciences) and the transfected cells incubated for a time sufficient for 
expression of the Dkk receptor on the cell surface. In general, the transfected cells are 
incubated for about 48 hours at 37^C and then incubated for about an hour at 37°C in media 
5 containing cDkk-4 protein fused at the carboxy terminus with a protein such as alkaline 
phosphatase for enzymatic detection or myc for immunological detection with labeled 
antibodies specific for the myc and the analyte being tested for its ability to inhibit or 
suppress binding of the cDkk-4 to the receptor. In an alternative embodiment, the cDkk-4 is 
labeled with a radioactive or fluorescent molecule or is uidabeled and detection of bound 

10 cDkk-4 protein is via labeled antibodies against the cDkk-4 protein. After incubating the 
cells containing cDkk-4 protein, the cells are washed with a solution such as phosphate 
buffered saline and the cells reacted with a detection reagent suitable detecting the label. For 
example, the cells can be stained with Fast Red for detection of alkaline phosphatase label. 
The extent of inhibition or suppression of cDkk-4 protein binding to the Dkk receptor on the 

IS cell surface is inversely proportional to the amount of detection reagent on the cell surface. 
Variations of the cell binding method which have the object of detecting inhibitors or 
suppressors of cDkk-4 protein binding to a Dkk receptor on the cell surface are well within 
the purview of one of ordmary sMU m the art. 

In further embodiment of a cell-based method, modulators of Dkk-4 protein 

20 expression are identified by transfecting a cell with DNA encoding cDkk-4 protein operably 
linked to its naturally occurring promoter or a heterologous promoter which diiects 
expression of a cDkk-4 protein (for exanq)le, the promoter which directs expression of the 
human Dkk-4 protein), contacting the transfected cell with an analyte, and measuring the 
expression of cDkk-4 mRNA or protein in the cell. The level of expression of cDkk-4 

25 mRNA or protein in the presence of the analyte is compared to the level of Expression of 

cDkk-4 mRNA or protein in the absence of the analyte. The analyte can then be identified as 
a modulator of Dkk-4 protein expression based on this comparison. For example, when 
expression of cDkk-4 mRNA or protein is greater (statistically significantly greater) in the 
presence of the analyte than in its absence, the analyte is identified as a stimulator of Dkk-4 

30 mRNA or protein expression. Alternatively, when expression of cDkk mRNA or protein is 
less (statistically significantly less) in the presence of the analyte than in its absence, the 
analyte is identified as an inhibitor of Dkk-4 mRNA or protein expression. The level of 
cDkk-4 mRNA or protein expression in the cells can be determined by methods well known 
for detecting mRNA or proteins such as the methods described herein for detecting cDkk-4 

35 mRNA or protein, ^pression of mRNA can be determined by RT-PCR, preferably a real- 
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time RT-PCR method such as that provided by TAQMAN RT-PCR, or Northern blotting. 
Protein expression can be determined by Western blotting. 

A further embodiment of a cell-based method for screening for analytes 
which interfere with binding of cDkk-4 protein to a homologous or heterologous Dkk 
5 receptor is the two-hybrid system. The two-hybrid system is extremely useful for studying 
protein:protein interactions (See^ Cbien et al., Proc. Natl. Acad. Sci. USA 88: 9578-82 
(1991); Fields et al.. Trends Genetics 10: 286-92 (1994); Harper et al., CeU 75: 805-16 
(1993); Vojtek et al.. Cell 74: 205-14 (1993); Luban et al., CeU 73: 1067-78 (1993); Li et al., 
FASEB J. 7: 957-63 (1993); Zang et al.. Nature 364: 308-13 (1993); Golemis et al., Mol. 

10 Cell. Biol. 12: 3006-14 (1992); Sato et al., Proc. Natl. Acad. Sci. USA 91: 9238-42 (1994); 
Coghlan et al.. Science 267: 108-111 (1995); Kalpana et al.. Science 266: 2002-6 (1994); 
Helps et al., FEBS Lett. 340: 93-8 (1994); Yeung et al., CSenes & Devel. 8: 20879 (1994); 
Durfee et al.. Genes & Devel. 7: 555-569 (1993); Paetkau et al.. Genes & Devel. 8: 2035-45; 
Spaargaren et al., 1994 Proc. Nad. Acad. Sci. USA 91: 12609-13 (1994); Ye et al., Proc. 

15 NatL Acad. Sci. USA 91: 12629-33 (1994); and U. S. Patent Nos. 5,989,808; 6,251,602; and 
6,284,519) and can be adapted to screen for analytes which interfere with binding of cDkk-4 
to one or more of its receptors. 

The two-hybrid method relies upon the finding that the DNA binding and 
polymerase activation domains of many transcription factors, such as GAL4, can be 

20 separated and then rejoined to restore functionality (Morin et al., Nuc. Acids Res. 21: 2157- 
63 (1993)). While two-hybrid method is described with reference to the yeast system, it is 
understood that a two-hybrid screen can be conducted in other systems, for example systems 
which use prokaryote cells or mammalian cell lines. 

An example of the two-hybrid method in yeast cells is as follows. Yeast 

25 strains with integrated copies of various reporter gene cassettes, such as for example 
GAL.fwdarw.LacZ, GAL.fwdarw.HIS3, or GAL.fwdarw.URA3 (Bartel, in Cellular 
Interactions and Developnaent: A Practical Approach, 153-179 (199!3); Harper et al.. Cell 75: 
805-16 (1993); Fields et al.. Trends Genetics 10: 286-92 (1994)) are cotransformed with two 
plasmids, each expressing a different fusion protein. One plasmid encodes a fusion between 

30 cDkk-4 protein and the DNA binding domain (DBD) of, for exaiople, the DBD of the GAL4 
yeast transcription activator (Brent et al.. Cell 43: 729-36 (1985); Ma et al.. Cell 48: 847-53 
(1987); Keegan et al.. Science 231: 699-704 (1986)), while the other plasmid encodes a 
fusion between a cDkk receptor such as LRP5 or cytoplasmic fragment thereof and the RNA 
polymerase activation domain (AD) of the same transcription factor, for exanople, the AD of 

35 the GAL4 (Keegan et al., supra). The plasmids are transformed into a strain of the yeast that 
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contains a reporter gene cassette such as the lacZ, whose regulatory region contains GAL4 
binding sites. If the cDkk-4-DBD fusion protein is able to bind the Dkk receptor-AD fusion 
protein in the presence of a test analyte, they reconstitute a functional GAL4 transcription 
activator protein by bringing the two GAL4 components into sufficient proximity to activate 
5 transcription of the reporter gene. Thus, activation of transcription indicates that the analyte 
had no detectable effect on binding of cDkk-4 protein to a Dkk receptor. However, if an 
analyte interferes with the ability of the cDkk-4-DBD fusion protein to bind the Dkk 
receptor-AD fusion protein, the two GAL4 components are not brought into sufficient 
proxinaLty to activate transcription of the reporter. Thus, no activation of transcription 

10 indicates that the analyte has an effect on cDkk-4 protein binding to a Dkk receptor. 

Either hybrid protein alone is unable to activate transcription of the reporter 
gene, the DNA-binding domain hybrid, because it does not provide an activation function, 
and the activation domain hybrid, because it cannot localize to the GAL4 binding sites. The 
reporter gene cassettes consist of minimal promoters that contain the GAL4 DNA recognition 

15 site (Johnson et al., Mol. Cell. Biol. 4: 1440-8 (1984); Lorch et al., J. Mol. Biol. 186: 821-824 
(1984)) cloned 5* to their TATA box. Transcription activation of the reporter is scored by 
measuring either the expression of P-galactosidase or the growth of the transformants on 
m in im al medium lacking the specific nutrient that permits auxotrophic selection for the 
transcription product, for example, URA3 (uracil selection) or HISS (histidine selection) 

20 (See, Bartel, Cellular Interactions and Development: A Practical Approach, 153-179 (1993); 
Durfee et al.. Genes & DeveL 7: 555-569 (1993); Fields et al.. Trends Genet. 10: 286-292 
(1994); and U. S. Pat. No. 5,283,173). 

Additional methods of preparing two-hybrid assay systenos which are 
suitable for identifying analytes which interfere with binding of cDkk-4 protein to a Dkk 

_ ■ 

25 receptor would be evident to one of ordinary skill in the art (See for example, Finley et al. in 
The Yeast Two-Hybrid System (Bartel et al., eds., Oxford, 1997); Meijia Yang in The Yeast 
Two-Hybrid System (Bartel et al., eds., Oxford, 1997); Gietz et al.. Mol. & Cell. Biochem. 
172: 67-9 (1997); Young, Biol. Rqprod, 58: 302-311 (1998); Brent et al.. Annu. Rev. Genet. 
31:663-704(1997)). 

30 Another cell-based method for screening analytes to identify analytes which 

interfere with binding of cDkk-4 protein to a homologous or heterologous Dkk receptor is a 
cell-based reporter assay. The cell-based reporter assay is a functional assay in which 
analytes are screened for the ability to activate a Wnt signaling pathway inhibited by cDkk-4 
protein. A reporter gene under the control of a promoter specifically activated by Wnt 

35 signaling (a promoter containing one or more Wnt signaling-responsive transcription control 
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factor elements or binding sites). An example of a promoter containing Wnt signaling- 
responsive transcription binding sites is the leukocyte enhancer factor-1 (LEF-1) responsive 
promoter (See Hsu et al., Molec. Cell. Biol. 18: 4807-4818 (1998)). The LEF-1 responsive 
promoter is one of many promoters responsive to various transcription factors of the 
5 lymphoid enhancer factor-T cell factor (LEF/TCF) family. Reporter genes operably linked to 
the LEF-1 responsive promoter for studying protein interaction in the Wnt signaling pathway 
have been disclosed in Boyden et aL, N. Eng. J. Med. 346: 1513-1521 (2002); Mao et al., 
MoL Cell 7: 801-809 (2001); Hsu et al., Mol. Cell. Biol. 18: 4807-4818 (1998). Reporter 
genes which are useful in the cell-based assays of the present invention include, but are not 
10 linfiited to, the P-galactosidase gene, p-lactanaase gene, p-glucoronidase gene. Green 

■ 

fluorescent protein gene, and luciferase gene, each operably linked to a heterologous 
promoter which preferably contains one or more Wnt signaling-responsive transcription 
control factor elements or binding sites, particularly a promoter containing one or more 
elements responsive to one or more of the transcription factors of the LEF/TCF family. 

15 A cell-based reporter assay which is exemplary comprises transfecting a 

suitable cell type such as one of those disclosed previously with expression vectors which 
separately express Wnt protein, LRP5 or LRP6, cDkk-4 protein, LEF-1 transcription factor 
(LEF-l protein), and reporter gene operably linked to a LEF-1 responsive promoter. 
Preferably each expression vector constitutively expresses its protein. For example, each 

20 nucleic acid is operably Imked to the CMV promoter. The cells are incubated in medium 
containing an analyte. Inhibition or suppression of cDkk-4 binding to LRP5 or LRP6 by the 
analyte is determined by activation of the Wnt signaling pathway which is measured by 
detecting expression of the reporter gene via the LEF-1 responsive reporter. In the absence 
of an analyte which inhibits or suppresses binding of cDkk-4 to LRP5 or LRP6, the cDkk-4 

25 binds the LRP5 or LRP6. This prevents die LRP5 or LRP6 from bmding the Wnt protein. 
The end result is that p-catenin does not form a complex with the LEF-1 protein and there is 
no activation of e?q)ression of the reporter gene via the LEF-1 responsive promoter. 
However, in die presence of an analyte which inhibits or suppresses binding of the cDkk-4 to 
LRP5 or LRP6, the LRP5 or URP6 binds the Wnt protein. The end result is that p-catenin 

30 fomis a complex with the LEF-1 protein; the coiiq)lex then activates expression of the 
reporter via binding to the LEF-1 responsive promoter. Controls comprise the above 
transfected cells incubated in medium not containing the analyte and vectors for normalizing 
transfection. Further embodiments of the cell-based reporter assay include providing 
expression vectors which express kremenl or kremen2. Thus, the assay includes measuring 

35 reporter gene expression in cells transfected with the reporter gene expression vector and any 
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combination of expression vectors selected from the group consisting of vectors which 
express LRP5, LRP6, Wnt, cDkk-4, Dkk-1, kremenl, kremen2, and combinations thereof. 
For example, a combination of one or more vectors expressing cDkk-4, LRP5, LRP6, 
Kremenl, and Kremen2. In particular, a combination of vectors including cDkk-4, LRPS, . 
5 LRP6, and Ki:emen2 

A further still embodinaent of a cell-based method for screening analytes to 
identify analytes which interfere with binding of cDkk-4 to a homologous or heterologous 
Dkk receptor is an osteoblast differentiation assay in which analytes are screened to identify 
analytes which inhibit or suppress the inhibitory effect of cDkk-4 on osteoblast 

10 differentiation. Katagiri et al., J. Cell Biol. 127: 1755-1766 (1994) and Yamaguchi et al., 
Biochem. Biophys. Res. Commun. 220: 366-371 (1996) have shown that adding exogenous 
growth factors to pliuipotent marrow stromal cells induces the cells along an osteoblastic 
Imeage- Gong et al. (Cell 107: 5 13-523 (2001) show tiiat addmg 300 ng/ml of BMP2 to tiie 
pluripotent mesenchymal cells C3H10T1/2 and ST2 results in expression of the osteoblastic 

15 markers alkaline phosphatase (ALP), Bglap, and Runx2. Gong et al. fiuther show that ALP 
activity can be induced in C3H10T1/2 and ST2 cells by transfecting the cells with vectors 
expressing LRP5 and Wnt and that ALP activity can be induced in ST2 cells that are stably 
expressing LRP5 by transfecting the cells witii a vector expressing Wnt. Thus, the Wnt 
signaling pathway is involved in differentiation of pluripotent cells along an osteoblast 

20 lineage. Therefore, because Dkk-1 and Dkk-4 can inhibit the Wnt signaling pathway by 

binding LRP5, the osteoblast differentiation assay of Gong et al. can be adapted to an assay 
which uses cDkk-4 to identify analytes which inhibit or suppress Dkk-4 inhibition of 
osteoblast differentiation. 

An osteoblast differentiation assay which is exemplary comprises 

25 transfecting pluripotent cells such as C3H10T1/2 or ST2 cells with expression vectors which 
separately express cDkk-4, LRP5 or LRP6, and Wnt protein (for example, Wnt-1 or Wnt3 
protein). The cells are incubated in medium containing the analyte and induction of ALP in 
the presence of the analyte is determined. Detection of ALP activity indicates that the 
analyte inhibits or suppresses binding of cDkk-4 to the Dkk receptor. Controls comprise the 

30 above cells incubated in medium without the analyte. Further embodiments include 

providing expression vectors which express krenoienl and kremen2 and transfecting the above 
cells with Kremenl or kremen2. Thus, the osteoblast differentiation assay includes 
measuring ALP activity in cells transfected with any combination of expression vectors 
selected from the group consisting of vectors which express LRP5, LRP6, Wnt, cDkk-4, Dkk- 

35 1, kremenl, kremen2, and combinations thereof. In a particular embodiment, the method 
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conq)rising transfecting the ceUs with vectors which express cDldc-4, Wnt protein, LRP5 
and/or 6 and krenien2. 

In one embodiment of a cell-free screening method, the method is a 
competition assay m which the ability of an analyte to effectively compete with the cDkk-4 
S protein for binding to a homologous or heterologous Dkk receptor is determined. Binding of 
the analyte can be determined either directly or indirectly. Binding can be determined using 
labeled or unlabeled antibodies against cDkk-4 protein, analyte, or Dkk receptor, the cDkk-4 
protein-Dkk receptor complex, labeled cDkk-4 protein or Dkk receptor, and combinations 
thereof. Labels include, but are not limited to, radioactive isotopes, fluorescent dyes, 
10 enzymatic reporters such as alkaline phosphatase or horseradish peroxidase, donor-quencher 
fluorescent dyes, antibody recognition sites such as those provided by fusion polypeptides 
(for example, cDkk-4 protein fused to alkaline phosphatase or a myc antibody recognition 
sequence). 

In a further embodiment, the method includes contacting the Dkk-4 protein 

IS with a Dkk receptor which binds cDldc-4 protein to form a mixture, adding an analyte to the 
mixture, and determining the ability of the analyte to interfere with the binding of the cDldo4 
to the Dkk receptor. Further embodiments include providing any conibination of Dkk 
receptor selected from the group consisting of LRP5, LRP6, kremenl, kremen2, and 
combinations thereof, preferably, LRP5 or LRP6. In a further embodiment, the a 

20 combination of LRPS and LRP6 together with Kremenl and Kremen2 is provided. 

Immunoprecipitation is a particular type of cell-free method which is useful for identifying 
analytes which inhibit binding of cDkk-4 protein to one or more Dkk receptors. 

In another embodiment of a cell-free method, the cDkk-4 protein is contacted 
with an analyte and the ability of the analyte to inhibit or suppress subsequent binding of the 

25 cDkk-4 protein to a homologous or heterologous Dkk receptor is determined. Determining 
the ability of the analyte to inhibit or suppress binding of the cDkk>4 protein can be detected 
as discussed above for cell-based methods. Determining the ability of the cDkk-4 protein to 
bind to a Dkk receptor can also be accomplished using a technology such as real-time 
Biomolocular Interaction Analysis (BIA) (Sjolander and Urbaniczky, Anal. Chem. 63 : 2338- 

30 2345 (1991) and Szabo et al., Curr. Opin. Struct Biol. 5: 699-705 (1995)). As used herein, 
"BIA" is a technology for studying biospecific interactions in real time, without labeling any 
of the interactants (for example, BIACORE). Changes in the optical phenomenon surface 
plasmon resonance (SPR) can be used as an indication of real-time reactions between 
biological molecules. 
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In many drug screening programs which screen libraries of analytes (drug, 
compounds, natural extracts, compositions, and the like), high throughput assays are 
desirable in order to maximize the nimiber of analytes surveyed in a given period of time. 
Assays which are performed in cell-free systems, such as can be derived with purified or 
5 semi-purified proteios, are often preferred as "primary" screens in that they can be generated 
to permit rapid development and relatively easy detection of an alteration in a molecular 
target which is mediated by an analyte. Moreover, the effects of cellular toxicity and/or 
bioavailability of the analyte can be generally ignored in the in vitro system, the assay instead 
being focused primarily on the effect of the analyte on the molecular target as may be 

10 manifest in an alteration of binding affinity with upstream or downstream elements. 
Accordingly, in an exemplary screening method of the present invention, an analyte is 
contacted with cDkk-4 jirotein or a Dkk receptor. The Dkk-4 protein or Dkk receptor can be 
soluble, on a naemhrane surface, or immobilized on a solid substrate such as the surface of 
the wells of microtiter plate, bioassay chip, or the like. To the mixture of the analyte and the 

IS cDkk-4 protein or Dkk receptor is then added a composition containing a Dkk receptor or 
cDkk-4 protein, respectively. Detection and quantification of complexes of cDkk-4 protein 
and Dkk receptors in the presence of the analj^e provide a means for determining an 
analyte' s efficacy at inhibiting (or potentiatiag) complex formation between cDkk-4 protein 
and a Dkk receptor. The efficacy of the analyte can be assessed by generating dose response 

20 curves from data obtained using various concentrations of the test compound. Moreover, a 
control can also be performed to provide a baseline for con^arison. For the control, isolated 
and purified cDkk-4 protein or Dkk receptor is added to a corqposition containing the Dkk 
receptor or cDkk-4 protein and the formation of a cDkk-4/Dkk receptor complex is quantified 
in the absence of the analyte. 

25 The cell-free methods herein are amenable to use of both soluble and/or 

membrane-boimd forms of isolated proteins (for example, cDkk-4 protein or biologically 
active portions thereof or DMc receptors). In the case of ceU-free methods in which a 
membrane-bound form an isolated protein is used (for example, a Dkk receptor) it can be 
desirable to use a solubilizing agent such that the membrane-bound form of the isolated 

30 protetQ is maintained in solution. Examples of such solubilizing agents include non-ionic 
detergents such as n-octylglucoside, n-dodecylglucoside, n-dodecylmaltoside, octanoyl-N- 
methylglucamide, decanoyl-N-methylglucamide, TRITON X-100, TRITON X-1 14, THESIT, 
Isotridecypoly(ethylene glycol ether)n, 3-[(3-cholarmdopropyl)dimethylainminio]-l-propane 

sulfonate (CHAPS), 3-[(3-cholaaiidopropyl)dimethylanMnimo]-2-hydroxy-l-propane 
35 sulfonate (CHAPSO), or N-dodecyl=N,N-dimethyl-3-ammonio- 1 -propane sulfonate. 
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In particular embodiments of the above cell-free methods, it can be desirable 
to immobilize either cDkk-4 protein or a Dkk receptor to facilitate separation of cDkk-4 
protein-Dkk receptor complexes from free cDkk-4 protein and Dkk receptor, as well as to 
accommodate automation of the method. Binding of analyte to cDkk-4 protein, or interaction 
5 of a cDkk-4 protein with a homologous or heterologous Dkk receptor in the presence and 
absence of an analj^e, can be accomplished in any vessel suitable for containing the 
reactants. Examples of such vessels include microtiter plates, test tubes, and micro- 
centrifuge tubes. In one embodiment, a frision protein can be provided which adds a domain 
that allows one or both of the proteins to be bound to a noatrix. For examqple, glutathione-S- 

10 transferase/cDkk-4 fusion proteins or glutathione-S-transferase/Dkk receptor can be adsorbed 
onto glutathione SEPHAROSE beads (Sigma Chemical, St. Louis, Mo.) or glutathione- 
derivatized noicrotitre plates, which are then combined with the analyte or the analyte and 
either the non-adsorbed Dkk receptor or cDkk-4 protein, and the noixture incubated under 
conditions conducive to complex formation (for exan^le, at physiological conditions for salt 

IS and pH). Following incubation, the beads or microtiter plate wells are washed to remove any 
unbound conq)onents, the matrix immobilized in the case of beads, conq)lex determined 
either directly or indirectly, for exanq>le, as described above. Alternatively, the complexes 
can be dissociated from the matrix and the level of cDkk-4 protein binding or activity 
determined using standard techniques. 

20 Other methods for immobilizing proteins on matrices can also be used in the 

cell-free screening methods. For exanople, either cDkk-4 protein or a cDkk receptor can be 
inmiobilized using a conjugation of biotin and streptavidin. Biotinylated protein or target 
molecules can be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques well 
known in the art (for example, the biotinylation kit available from Pierce Biotechnology, 

25 Rockford, IL), and immobilized in the wells of streptavidin-coated 96 well plates (Pierce 
Biotechnology). Altematively, antibodies reactive with Dkk-4 protein or Dkk receptor but 
which do not interfere with binding of the cDkk-4 protein to a Dkk receptor can be 
derivatized to the wells of the plate, and unbound Dkk receptor or cDkk-4 protein trapped in 
the wells by antibody conjugation. Methods for detecting such complexes, in addition to 

30 those described above for the GST-immobilized complexes, include inmnmodetection of 
complexes using antibodies reactive with the cDkk-4 protein or Dkk receptor, as well as 
enzyme-linked assays which rely on detecting an enzymatic activity associated with the 
cDkk-4 protein or Dkk receptor. 

A further embodiment of a cell-free binding method for identifying analytes 

35 which inhibit binding of cDkk-4 protein to one or more Dkk receptors such as those Dkk 
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receptors selected from the group consisting of LRP5, LRP6, kremenl, kremen2, and 
combinations thereof, preferably, LRP5 or LRP6, or LRP5 or LRP6 and kremen2 is a 
modification of the GST fusion pull-down assay. The GST fusion pull-down assay has been 
described m Sambrook and Russell, Molecular Cloning: A Laboratory Manual 3^^ Edition. 
5 Cold Spring Harbor Laboratory Press: Plainview, NY (2001). A GST puU-down kit is 
available from Pierce Biotechnology. Iq the modified GST fusion pull-down assay used 
herem, either the DNA encoding cDkk-4 protein or Dkk receptor is cloned in-frame with the 
GST of a pGEX vector (Amersham Pharmacia Bioscience, Piscataway , NJ) and expressed as 
a GST fusion protem in the BL21 E. coli. The expressed GST fusion protem is bound to 

10 immobilized reduced glutathione support. Preferably, the immobilized glutathioi^e support is 
provided as a column. Labeled Dkk receptor or cDkk-4 protein (labeled protein), 
respectively, is incubated with the bound GST fusion protein in the presence of an analyte. 
Afterwards, unbound labeled protein is removed and the GST fusion protein bound or 
unbound to the labeled protein is eluted from the support with imidazole. The amount of 

15 labeled protein bound to the eluted GST fusion protein is determined by detecting the label. 
If the analyte interferes with cDkk-4 binding to the Dkk rec^tor, there will little or no 
detectable labeled protein eluted with the GST fusion protem compared to controls without 
the analyte. Conversely, if the analyte does not interfere with cDkk-4 binding to the Dkk 
receptor, the amount of labeled protein eluted with the GST fusion protein wiD be similar to 

20 the amount eluted in controls without the analyte. 

It would be readily apparent to one of ordinary skill in the art that other cell- 
based or cell-free methods not disclosed herein can be adapted to used cDkk-4 to identify 
analytes which inhibit or suppress binding of cDkk-4 to one or more homologous or 
heterologous Dkk receptors. Therefore, the present invention is not limited to the methods 

25 disclosed herein but can include other assays provided the assay is adapted to use the cDkk-4 
protein or nucleic acids disclosed herein. 

The following examples are intended to promote a further understanding of 
the present invention without limiting the scope of the invention. 



30 EXAMPLE 1 

This example describes a method which was used to isolate RNA from 
cynomolgus monkey bone for preparing a cDNA library to screen for clones which encode 
the cDkk-4 protein. 

Molecular procedures were performed following standard procedures well 
35 known in the art {See, e.g.. Ausubel eL al.. Short Protocols in Molecular Biology, F.M., -2nd. 
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ed., John Wiley & Sons, (1992) and Sambrook et al.. Molecular Cloning: A Laboratory 
Manual 2nd Edition; Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York, 
(1989) or Sambrook and Russell, Molecular Qoning: A Laboratory Manual, 3rd Edition. 
Cold Spring Harbor Laboratory Press, Plainview, NY (2001). . RNA was isolated from tibia 
5 using the PURESCRIPT RNA Isolation Kit (Centra Systems, Inc., Minneapolis, MN). 

For initial tissue preparation, the metaphysic and epifysis was dissected from 
tibia. The tibia was isolated and the metaphysis and epifysis parts were quickly removed. 
The metaphysis and epifysis parts of the bone was then separated from the surrounding 
muscle. The bone marrow was then washed out with 0.9% sodium chloride solution with a 

10 syringe and needle. Tibia metaphysis and epifysis parts were frozen in liquid nitrogen and 
stored at -70 to -80^C. 

For cell lysis, half of a monkey tibia were smashed between two metal blocks 
covered with aluminum foil. The resulting powder was transferred immediately into a 50 mL 
centrifuge tube containing 20 mL cell lysis solution and mixed by inverting 3 times. The 

15 solution was homogenized quickly using tissue homogenizer PT 10/35 with generator PTA 
lOTS. 

To precipitate proteins and DNA, 6.7 mL of protein-DNA precipitation 
solution was added to the lysate. The solution was mixed by inverting the tube 10 times and 
the tube was placed on ice for 15 minutes. After the 15 minute incubation on ice, the tube 

20 was centrifuged at 8,000 ipm (10,000 x g) for 15 minutes. The precipitated proteins and 
DNA formed a tight pellet, allowing removal of the RNA-containing supernatant. 

For RNA precipitation, the supernatant was poured into a clean 50 mL 
centrifrige tube containing 20 ml 100% isopropanol. The sanq)le was mixed by inverting 
gently 50 times and incubated at room temperature for 10 minutes. Thereafter, the solution 

25 was centriftiged at 8,000 rpm (10,000 x g) for 10 minutes to pellet the RNA. Most of the 
supernatant was poured off and the pellet with residual supernatant were transferred into a 
centrifuge tube. The sample was then centrifuged at 14,000 x g for 5 minutes. The 
supernatant was removed with a pipette and the RNA pellet was washed several times with 
70% ethanol. After the wash step, the RNA pellet was air dried for 5-10 minutes. 

30 For RNA hydration, 0. 1 mL RNase-free water was added to the peUet and 

allowed to rehydrate at room temperature for 10 minutes. The sanq>Ie was mixed by 
pipetting up and down several times. 

In order to remove residual DNA from the RNA isolated from bone, an on- 
column DNase digestion was performed using the RNEAS Y Mini Kit and the RNase-Free 

35 DNase Set (Qiagen, Hilden, Germany) according to the manufactm-er's instructions. 
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EXAMPLE 2 

• 

This exan^)le shows how cDNA encoding the cDKK-4 protein was 

identified. 

5 Total RNA was extracted from cynomolgus monkey tibia using the 

PURESCRIPT RNA Isolation Kit (Centra Systems, Minneapolis, MN) as described in 
Example 1 followed by On-Column DNase Digestion as taught by Qiagen, Hilden, Germany. 
The resulting total RNA from bone was reverse transcribed using the SUPERSCRIPT First- 
Strand cDNA Synthesis Kit (Invitrogen, Carlsbad, CA) following the manufacturer's 
10 protocol. 

Oligonucleotide primers were designed from the Dkk-4 human (hDkk-4) 
nucleotide sequence and used to identify cDNA encoding the cDkk-4. The 5' hDkk-4 
forward primer (F2) was 5'-CAG GAG CCC CGG GAT TGA AGG ATG-3' (SEQ ID 
NO:6) and the 3'hDkk-4 primer (R2) was 5'-GCA ATG TGG ATT CTT CTT TAT TTT 
15 GAA ATA TTT ATA GC-3* (SEQ ID NO:7). The hDKK-4 start codon is in bold-faced 
type. 

One pL of the resulting cDNA templates was an[q>lified in a SO jxL PCR 
reaction containing Ix PCRx Amplification Buffer (Invitrogen), Ix PCRx Enhancer Solution 
(Invitrogen), 1.5 mM MgS04, 200 fiM each dNTP, 500 nM of each primer, and 2.5 units 

20 HIGH FIDELITY PLATINUM Taq (Invitrogen). The PCR cycling conditions consisted of 
an initial 6 noinutes denaturation at 94°C, followed by 36 cycles of 94°C for 1 minute, SO^'C 
for 1 minute, and 72^C for 2 minutes. For the last cycle, the 72°C extension time was 10 
minutes. The resulting FCR products were sequenced on an ABI 310 (jenetic Analyzer using 
ABI PRISM BIG DYE Terminator chemistry (Applied Biosystems, Foster City, CA) in both 

25 directions. The nucleotide sequence of cbKK74 is shown in Figure 1 and is set forth herein 
as SEQ ID NO: 1. The amino acid sequence was deduced to be as set forth in SEQ ID NO:2 
(Figure 2 ). 

EXAMPLE 3 

30 The cynomolgus Dkk-4 cDNA identified in Example 2 was cloned as a 691 

bp nucleotide fragment flanked by EcdRI restriction endonuclease sites as follows. 

The cynomolgus-specific oligonucleotide primers were derived from the 
sequence obtained in Example 3. The forward primers were F 5'-GC GAATTC ACC ATG 
GCG GCG GCC GTC CTG CT-3' (SEQ ID NO:8) and FF 5'-GC GAATTC ACC ATG 

35 GCG GCG GCC GTC CTG CTG GGA CT-3' (SEQ ID NO:9). The reverse primers were R 
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5'-GC GAATTC TAG CTT TTC TAT TTT TTG GCA TAG TCG TAA CCG T-3' (SEQ ID 
NO: 10) and RR 5' -GC GAATTC TAG CTT TTC TAT TTT TTG GCA TAC TCG TAA 
CCG TGC ATG-3* (SEQ ID NO: 1 1). The EcdSl site is underlined, the start codon for cDkk- 
4 is in bold-faced type, and the complement to the stop codon is in italics. 
5 In the first step, total RNA isolated from monkey bone metaphysis was 

reversed transcribed into cDNA and the cDNA PGR amplified using the human F2 and R2 
primers as in Example 2 for 30 cycles. Each reaction was performed in a SO |iJL reaction 
mixture containing 1 jtiL of cDNA ten^lates, Ix PCRx Aiuplification Buffer (Invitrogen), Ix 
PCRx Enhancer Solution (Invitrogen), 1.5 mM MgS04, 200 /iM each dNTP, 500 nM each 

10 primer, and 2.5 units fflGH FIDELITY PLATINUM Taq Ghvitrogen). Afterwards, 10 cycles 
of PCR an^Iification was performed using cynomolgus specific primer pairs F and R, FF and 
RR, F and RR, or FF and R. The PCR cycling conditions consisted of an initial 4 minute 
denaturation step at PS'^C, followed by 10 cycles of 95^C for 1 minute, GO^'C for 1 mmute and 
72®C for 2 minutes. For the last cycle, the 72°C extension time was 10 minutes. The 

15 preferred primer pair was FF and RR. 

The 691 bp PCR reaction product following amplification with the FF and 
RR primers was purified usmg the QIAGEN PCR purification kit (Qiagen) according to the 
manufacturer's instructions. The purified PCR product was digested with EcoSl and then 
electrophoresed on an agarose gel stained with ethidium bromide to remove unwanted 

20 digestion products. The 69 1 bp PCR product was eluted from the agarose gel using the 

QIAQUICK Gel Extraction kit (Qiagen) following the manufacturer's mstructions. The gel 
purified 691 bp PCR product was then ligated into EcdSl digested and phosphatase-treated 
pcDNA3.1/Myc-His plasmid vector (5.5 kb; Invitrogen. Carlsbad, CA) using either the 
Takara Ligation kit (Takara Bio Inc., Shiga, Japan) or the T4 DNA Ligase kit (Roche 

25 Diagnostics, Pleasanton, CA) to make plasmid pcDNA3.1/Dkk-4/Myc-His. The relevant 
features of pcDNA3.1/Myc-His include a multiple cloning site downstream firom a 
cytomegalovims (CMV) immediate early promoter which is a constitutive promoter that 
enables DNA inserted into the multiple cloning site to be transcribed into RNA, an ampicillin 
gene for selection of transf ormants in bacteria, and a neomycin gene for selection of 

30 transfectants in mammalian cells. 

About 3 ^ of the ligation reaction was then used to transform 70 /iL of 
MAX EFFICIENCY DHa5 £. coli using the manufacturer's mstructions. Eighteen colonies 
were randomly picked after transformation and screened for clones containing the 691 bp 
PCR reaction product in the direct orientation. In the direct orientation, the 5' end of the 

35 Dkk-4 coding region is operably linked to the upstream CMV promoter such that the RNA 
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transcript produced therefrom can be translated into the Dkk-4 protein. To screen for 
colonies containing the 691 bp PGR product in the direct orientation it was convenient to 
digest plasnud DNA isolated from various clones with Apal followed by electrophoresis of 
the digested DNA on agarose gels stained with ethidium bromide. The 691 bp PGR product 
5 contains an Apal site about 106 bp downstream of the start codon and the plasmid vector 
contains an Apal site about 45 bp downstream of the EcoRl cloning site. In the direct 
orientation, an. Aped digest produces a 612 bp DNA fragment and a 5.6 kb DNA fragment 
whereas in the indirect orientation, an Apal digest produces a 151 bp DNA fragment and a 
6.1 kb DNA fragment. 

10 Clones 2, 7, 12, and 14, each containing the 691 bp PGR product in the direct 

orientation, were sequenced using an ABI 310 Genetic Analyzer and ABI PRISM BIG DYE 
Terminator chemistry. Each clone was sequenced using the FF PGR primer, the RR PGR 
primer, sequencing pruner Fseq 5*-GGG AGA GTG TGG ATG AAT GAT G-3' (SEQ ID 
NO: 12), and sequencing primer Rseq 5'-TGG GAT CIT GOT CAT GAA GGT-3' (SEQ ID 

15 NO: 13). The sequencing reactions consisted of an initial denaturation at 96^C for 2 minutes 
followed by 25 cycles of 96'*G for 10 seconds, 50X for 5 seconds, and eO'^C for 4 minutes in 
a thermocycler followed by electrophoresis on the ABI 310 Genetic Analyzer. Glone 14 was 
determined to contain the nucleotide sequence encoding cDkk-4 was identified which had the 
nucleotide sequence shown in Figure 1 (SEQ ID NO: 1) and the deduced amino acid sequence 

20 shown in Figure 2 (SEQ ID NO:2). The plasmid is designated herein as pcDNA3.1/Dkk- 
4/Myc-His-directl4. 
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EXAMPLE4 

Expression of Dkk-1, Dkk-2, Dkk-4, LRP5, and LRP6 in a variety of human 
tissues was coinpared to expression in nionkey bone using the TAQMAN Gold Kit 
(Applied Biosystems, Ihc.» Foster City, CA). The human tissues are listed in Table 1. 

5 

Table 1 



1 


Adrenal gland 


14 


Thymus 


2 


Bone marrow 


15 


Thyroid 


3 


Brain cerebellum 


16 


Trachea 


4 


Brain (whole) 


17 


Uterus 


5 


Heart 


18 


Colon 


6 


Kidney 


19 


Small intestine 


7 


Liver 


20 


Aorta/heart 


8 


Lung 


21 


Placenta 


9 


Prostrate 


22 


Mammary gland 


10 


Salivary gland 


23 


Stomach 


11 


Skeletal muscle 


24 


Ovary 


12 


Spleen 


25 


Cervix 


13 


Testis 


26 


Bladder 



For analyzing Dkk-1 expression, the Dkk-l primers were human/monkey 
Dkk-l-F 5'-GAA GTT CAA GTG TOT ACC AAG CAT AG-3' (SEQ ID NO: 14) and Dkk-1- 
R 5'-AGGTGTGAAGCCrAGAAGAATTACrGG-3' (SEQ ID NO: 15) and the Dkk-1 probe 
10 was human/monkey Dkk^l-FAM 5'-TTG ATG GTG ATC TTT CFG TAT CCG GCA AG-3' 
(SEQ ID NO: 16). 

For analy2ang Dkk-2 expression, the DIdc-2 primes were human Dkk-2-F 5'- 
CTG TAT CCC AGT TAG TGA AAG CAT CT-3' (SEQ ID NO: 17) and Dkk-2-R 5'-ATG 
ACC GTG GTT TCG ATC TCT G-3' (SEQ ID NO: 18) and the Dkk-2 probe was human 

15 Dkk-2-FAM 5'-CCr CAC ATC CCG GCT CTG GAT GGT A-3' (SEQ ID NO: 19), 

For analyzing Dkk-4 expression, the Dkk-4 primers were human Dkk-4-F 5'- 
GAT GTT TGT ACT ACG ATG GAA GAT GC-3' (SEQ ID NO:20) and Dkk-4-R 5*-GCC 
CAG TTG TTC CTT CTG CA-3' (SEQ ID NO:21) and the Dkk-4 probe was human Dkk-4- 
FAM 5'-CAG CTT GAT GAG CAA GAT GGC ACA CA-3' (SEQ ID NO:22). 

20 For analy^g LRP5 expression, the LRP5 primers were human LRP5-F 5'- 

TCT GGG CCT GAC CAT CCT T-3' (SEQ ID NO:23) and LRP5-R 5'-TCC ACA CGC 
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TCG ATC ATC TG-3' (SEQ ID NO:24) and the LRP5 probe was human OUPS-FAM 5'- 
CAA GCA TCT CTA CTG GAT CGA CCG CC-3' (SEQ ID NO:25). 

For analyzing LRP6 expression, the LRP6 prim^ were human LRP6-F 5'- 
TTC TTC AAG CAC CAA AGG CAC-3* (SEQ ID NO:26) and LRP6-R 5'-CCA TAG TGT 
5 AAT GTG ATC CjCTT CTG T-3' (SEQ ID NO:27) and the LRP6 probe was human LRP6- 
FAM 5'-TGC AAT TTT GAA CCC TCC ACC ATC CC-3' (SEQ ID NO:28). 

Each probe had the fluorescent reporter dye FAM covalently linked to the 5' 
end of the probe and the TAMARA dye quencher covalently linked to the 3' end of the 
probe. 

10 In the first step, RNA was extracted from each of the tissue samples and 

reverse transcribed as follows* 

Total RNA was extracted from the tissues and monkey bone using methods 
known in the art. 

For each reverse transcription reaction, a 100 (jlL reaction mixture was 
15 prepared which contained about 7.6 iig of RNA in Ix RT buffer, 5.5 mM MgCl2, 500 jjlM 

each dNTP, 2.5 fiM random hexamers, 0.4 units/fiL RNAse inhibitor, and 1.25 units//iL 
MULTISCRIBE RT en2yme. Ten iiL aliquots were dispensed into appropriate wells of a 
FCR reaction plate. The wells were covered and the reverse transcription was carried out on 
a 9700 Cycler at 25*'C for 10 minutes, 48°C for 30 mmutes, and then 95°C for 5 minutes to 
20 stop the reaction. 

Afterwards, 40 pL of a FCR reaction mix was added to the above reverse 
transcription reaction to provide a reaction mixture containing Ix TAQMAN Buffer A, 5.5 
mM MgCl2, 200 iiM each of dATP, dCTP, dGTP, and dUTP. 100 mM each of the forward 

and reverse primers and the probe, 0.01 units/jLiL AMPERASE UNG, and 0.025 units/)jJL 
25 AMPLITAQ GOLD. The FCR reaction was performed on a 7700 Sequence Detector 
beginning with a 2 minute incubation at 50''C (UNG incubation) followed by FCR. 

« 

Detection was plate read (endpoint). 

The results are summarized in Figures 5-9. Figure 5 shows that Dkk-1 is 
expressed primarily in human placenta, cervix, and bladder tissue with some expression in 

30 monkey bone and a litde expression in the human prostrate tissue. Figure 6 shows that Dkk-2 
is expressed primarily in human lung, prostrate, aorta/heart, mammary gland, ovary, and 
cervix tissue; monkey bone tissue; and, to a lesser extent in the remaining human tissues. 
Figure 7 shows that Dkk-4 is expressed primarily in human brain cerebellum, whole brain, 
testis, small intestine, and mammary tissues with significant expression in monkey bone. 

35 Rgures 8 and 9 show that LRP5 and LRP6 are expressed in most human tissues including 
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monkey bone. These results suggest that Dkk-4 has a role in regulating bone formation in 
bone tissue and further suggest that identifying analytes which inhibit or suppress Dkk- 
4/LRP5 interactions will stimulate bone formation in bone tissue. 

EXAMPLES 

This example describes a method for making polyclonal antibodies specific 
for the cDkk-4 protein. 

cDkk-4 protein is produced in E. coli transformed with pcDNA3.1/Dkk- 
4/Myc-IBs-directl4. Antibodies are generated in New Zealand white rabbits over a 10-week 
period. The cDkk-4 protein is emulsified by mixing with an equal volume of Freund's 
conq)lete adjuvant and injected into three subcutaneous dorsal sites for a total of 0.1 mg 
cDkk-4 protein per immunization. A booster containing about 0. 1 mg cDkk-4 emulsified in 
an equal volume of Freund*s inconqplete adjuvant is administered subcutaneously two weeks 
later. Animals are bled firom the articular artery. The blood is allowed to clot and the serum 
collected by centrifugation. The serum is stored at -20'*C. 

For purification, cDkk-4 protein is immobilized on an activated support. 
Antisera is passed through the sera column and then washed. Specific antibodies are eluted 
via a pH gradient, collected, and stored in a borate buffer (0.125M total borate) at -0.25 
mg/mL. The anti-cDkk-4 antibody titers are determined using ELIS A methodology with free 
cDkk-4 bound in solid phase (1 pg/well). Detection is obtained using biotinylated anti-rabbit 
IgG, HRP«SA conjugate, and ABTS. 

EXAMPLE 6 

This exanq>Ie describes a method for making monoclonal antibodies specific 
25 for the cDkk-4 protein. 

BALB/c mice are immunized with an initial injection of about 1 |uig of 
purified cDkk-4 protein per mouse mixed 1:1 with Freund's complete adjuvant After two 
weeks, a booster injection of about 1 fig of the antigen is injected into each mouse 
intravenously without adjuvant. Three days after the booster injection serum from each of 
30 the mice is checked for antibodies specific for the cDkk-4 protein. 

The spleens are removed fi-om mice positive for antibodies specific for cDkk- 
4 protein and washed three times with serum-free DMEM and placed in a sterile Petri dish 
containing about 20 mGL of DMEM containing 20% fetal bovine serum, 1 mM pyruvate, 100 
units penicillin, and 100 units streptomycin. The cells are released by perfusion with a 23 
35 gauge needle. Afterwards, the cells are pelleted by low-speed centrifugation and the cell 
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pellet is resuspended in 5 mL 0. 17 M ammonium chloride and placed on ice for several 
xcdnutes. Then 5 mL of 20% bovine fetal serum is added and the cells peUeted by low-speed 
centrifiigation. The cells are then resuspended in 10 mL DMEM and mixed with mid-log 
phase myeloma cells in serum-free DMEM to give a ratio of 3: 1. The cell mixture is pelleted 
5 by low-speed centrifugation» the supernatant firaction removed, and the pellet allowed to 
stand for S mmutes. Next, over a period of 1 minute, 1 noL of 50% polyethylene glycol 
(PEG) in 0.01 M HDH^ES, pH 8.1, at 3TC is added. After 1 minute incubation at 37^C, 1 mL 
of DMEM is added for a period of another 1 minute, then a third addition of DMEM is added 
for a further period of 1 nadnute. Finally, 10 mL of DMEM is added over a period of 2 

10 minutes. Afterwards, the cells are pelleted by low-speed centrifiigation and the pellet 
resuspended in DMEM containing 20% fetal bovine serum, 0,016 mM thymidine, 0.1 
hypoxanthine, 0.5 ^M anoinopterin, and 10% hybridoma cloning factor (HAT medium). The 
cells are then plated into 96-well plates. 

After 3, 5, and 7 days, half the medium in the plates is removed and replaced 

15 with fresh HAT noedium. After 11 days, the hybridoma cell supernatant is screened by an 
ELISA assay. In this assay, 96-well plates are coated with the cDkk-4 protein. One hundred 
liL of supernatant from each well is added to a corresponding well on a screening plate and 
incubated for 1 hour at room temperature. After incubation, each well is washed three times 
with water and 100 /iL of a horseradish peroxide conjugate of goat anti-mouse IgG (H+L), A, 

20 M (1: 1,500 dilution) is added to each well and incubated for 1 hour at room temperature. 
Afterwards, the wells are washed three times with water and the substrate OPD/hydrogen 
peroxide is added and the reaction is allowed to proceed for about 15 minutes at room 
temperature. Then 100 jxL of 1 M HQ is added to stop the reaction and the absorbance of 
the wells is measured at 490 nm. Cultures that have an absorbance greater than the control 

25 wells are removed to two cm^ culture dishes, with the addition of normal mouse spleen cells 
in HAT medium. After a further three days, the cultures are re-screened as above and those 
that are positive are cloned by limiting dilution. The cells in each two cm2 culture dish are 
counted and the cell concentration adjusted to 1 x 10^ cells per mL. The cells are diluted in 
complete medium and normal mouse spleen cells are added. The cells are plated in 96-weU 

30 plates for each dilution. After 10 days, the cells are screened for growth. The growth 

positive wells are screened for antibody production; those testing positive are expanded to 2 
cm^ cultures and provided with normal mouse spleen cells. This cloning procedure is 
repeated until stable antibody producing hybridomas are obtained. The stable hybridomas 
are progressively expanded to larger culture dishes to provide stocks of the cells. 
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Production of ascites fluid is performed by injecting intraperitoneally 0.5 mL 
of pristane into female mice to prime the mice for ascites production. After 10 to 60 days, 
4.5 X 106 cells are injected intraperitoneally into each mouse and ascites fluid is harvested 
between 7 and 14 days later. 

5 

EXAMPLE? 

In this example of a cell-based reporter assay, a signaling system in the 
mouse fibroblast NIH3T3 cell line is used to identify conq)ounds which interfeie with 
binding of cDkk-4 protein to human LRP5. The signaling system is based on Wnt signaling 
10 using a reporter gene under the control of an LEF-l-responsive promoter (Boyden et al., N. 
Eng. J. Med. 346: 1513-1521 (2002); Mao et al., Mol. Cell 7: 801-809 (2001); Hsu et al., 
Mol. CeU. Biol. 18: 4807^818 (1998)). 

Expression plasmids encoding LEF-1 protein, Wnt-1 protein, and LRP5 are 

■ 

constitutively expressed from a cytomegalovirus (CMV) promoter, and the reporter gene 
15 luciferase under the control of an LEF-1 responsive promoter are disclosed in Boyden et aL, 
supra\ Mao et al., supra\ Hsu et al., supra. cI)kk-4 is also constitutively expressed from a 
CMV promoter. Expression plasmid pcDNA3.1/Dkk-4/Myc-His-directl4 is used to express 
cDkk-4. 

NIH3T3 cells are cultured at 37°C in Dulbecco's modified Eagle medium 
20 supplemented with 5% fetal bovine serum in a 5% CO2 atmosphere. Transient transfections 

are performed by any transfection method known in the art including, but not limited to, the 
DEAE-dextran-chloroquine procedure, CaCl precipitation procedure, electroporation, 
FuGENE (Roche Applied Sciences), and LIPOFECTIN (Invitrogen) procedure. As a control 
for efficiency of transfection a P-galactosidase control expression plasmid is included in the 
25 transfections. 

Plasmids encoding LEF-1 protein, the luciferase as the reporter gene 
operably linked to the LEF-1 responsive promoter, and green fluorescent protein are 
transfected into NIH3T3 cells seeded in 24-well plates at about 5 x 10* cells/well. Plasmids 
encoding LRP5, Wnt-1, and cDkk-4 are also transfected into the cells. The total amoimt of 

30 DNA transfected is preferably about 0.5 ftg per well. After transfection, the cells are 
incubated in medium containing the analyte to be tested for its ability to interfere with 
binding of the cDkk-4 protein to LRP5. Controls without the analyte are routinely 
performed. After about 24 hours post-transfection, the cells are lysed and the levels of 
luciferase activity and green fluorescent protein are measured (Li et al. EMBO J. 18: 4233- 

35 4240 (1999); Yuan et al., J. Biol. Chem. 274: 30419-30423 (1999)). The luciferase activity is 
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nonnalized according to the green fluorescent protein level to account for variations in the 
efficiency of transfection. 

An increase in luciferase activity in transfected cells incubated with a 
particular analyte relative to controls which do not contain the analyte indicates that the 
5 analyte interferes with the inhibitory effect of cDkk-4 on Wnt-1 signaling. Analytes which 
are identified in the above assay as being capable of interfering with the binding of the cDkk- 
4 protein to LRP5 are candidates for further evaluation on their ability to stimulate bone 
formation in vivo or induce pluripotent cells to differentiate along an osteoblastic linage. 



10 EXAMPLES 

This examples describes a cell-binding method for identifying analytes 
which interfi^ with the ability of cDkk-4 protein to bind a Dkk receptor on the siuf ace of a 
cell. To identify interfering analytes, recombinant cells, which express LRP5 on the surface, 
are incubated in medium containing labeled cDkk-4 protein. The cells are then evaluated for 

1 S bound cDkk-4 protein 

HEK293T cells are transfected with the LRP5 expression vector in which the 
human LRP5 is constitutively expressed from a cytomegalovirus (CMV) promoter. The 
LRP5 expression vector comprises the human LRP5 cDNA cloned into the pcDNAS 
expression vector (Invitrogen) as taught in Gong et al.. Cell 107: 513-523 (2001). The 

20 labeled cDkk-4 is a cDkk-4-AP fusion polypeptide which is provided in conditioned medium 
produced by transient transfection of HEK293T cells with pcDNA3.1/Dkk-4yMyc-His- 
directl4 in which the alkaline phosphatase (human placental alkaline phosphatase) gene is 
cloned in frame at the 3* end of the cDkk-4 cDNA in pcDNA3. l/Dkk-4yMyc-His-directl4. 

The FuGENE transfection protocol (Roche Applied Sciences) is used 

25 according to the manufacturer's instructions. Cells are plated the day before the transfection 
at a density to give about 50-80% confluence on the day of the transfection. About 1-3 x 
105 cells in 2 mL of Dulbecco's modified Eagle's medium containing 5% fetal calf serum or 
10% horse serum in a 35 mm culture dish (or 6-well plate) will achieve this density after 
overnight incubation at 37^C. In a small sterile tube, add sufficient serum-fi:ee medium as 

30 dUuent for FuGENE 6 Transfection Reagent, to a total volume of 100 ftL. About 3 to 6 jxL of 
FuGENE 6 Reagent is added directly into this mediuno. Tap gently to mix. About 1-2 jcig of 
DNA (LRP5 expression vector) solution (about 0.02-2.0 lig/iiL) is added to the prediluted 
FuGENE 6 Reagent above. Use a total volume of DNA solution between 0.5-50 /iL. Gently 
tap the tube to mix the contents. Incubate for a minimum of about 15 minutes at room 

35 temperature. The con^lex mixture is added to the cells dropwise and distributed around the 



-50 



wo 2005/049797 



PCT/US2004/037799 



welL The cells are returned to the incubator and incubated for 48 hours. After 48 hours, the 
cell binding assay is performed. 

The medium is removed from the cells and medium containing cDkk-4-AP 
fusion polypeptide and an analyte to be tested for interfering with binding of cDkk-4 protein 
5 to LRP5 is added to the cells. Controls consist of medium contaming cDkk-4-AP only, 
medium containing the analyte only, and medium containing neither cDkk-4-AP or the 
analyte. Detection of cDkk-4-AP fusion polypeptide bound to LRP5 on die cell surfece is by 
measuring alkaline phosphatase activity on the cell surface. This can be done by staining the 
cells with FAST RED reagent (Roche AppUed Sciences). Cells with cDkk-4-AP bound to 
10 IJIP5 on die surfece stain red with the reagent A decrease in alkaline phosphatase activity 
in wells containing a mixture of the cDkk-4-AP fusion protein and an analyte compared to 
controls containmg the cDkk-4-AP fusion protein without the analyte indicates that the 
analyte interferes with the binding of Dkk-4 to LRP5. 

15 EXAMPLE 9 

This example illustrates an osteoblast differentiation assay for identifying 
analytes which interferes with Dkk-4 protem inhibition of differentiation of pluripotent 
mesenchymal cells along the osteoblastic lineage in vitro. 

Katagiri et al., J. CeU Biol. 127: 1755-1766 (1994) and Yamaguchi et al., 

20 Biochem. Biophys. Res. Commun. 220: 366-371 (1996) have shown that adding exogenous 
growth factors to pluripotent marrow stromal cells induces the cells along an osteoblastic 
lineage. Gong et al. (Cell 107: 513-523 (2001) show that adding 300 ng/ml of BMP2 to the 
pluripotent mesenchymal cells C3H10T1/2 and ST2 results in expression of the osteoblastic 
markras alkaline phosphatase (ALP), Bglap, and Runx2. Gong et al. further show that ALP 

25 activity can be induced m C3H10T1/2 and ST2 cells by transfecting the ceUs widi vectors 
expressing LRP5 and Wnt and that ALP activity can be induced in ST2 ceUs tiiat are stably 
expressing LRP5 by transfecting the cells wifli a vector expressing Wnt. Thus, die Wnt 
signaling patiiway is involved in differentiation of pluripotemt cells along an osteoblast 
lineage. Therefore, because Dkk-1 and Dkk-4 can inhibit the Wnt signaling pathway by 

30 binding LRP5, the osteoblast differentiation assay of Gong et al. can be adapted to an assay 
for idMitifying analytes which inhibit or suppress Dkk-4 inhibition of osteoblast 
differentiation. 

The LRP5 expression vector comprising the human LRP5 cDNA cloned into 
the pcDNA3 expression vector and the Wnt expression vector conqnismg the Wnt3 cDNA 
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cloned into the pcDNAS vector are constracted as taught in Gong et al.. Cell 107: 513-523 

(2001). Expression plasmid pcDNA3.iyDkk-4/Myc-His-directl4 is used to express cDkk-4. 

C3H10T1/2 or ST2 cell lines are cultured in a-MEM and RPMI medium, 

respectively, supplemented with 10% heat-inactivated fetal bovine serum at 37°C in a 5% 
5 CO2 atmosphere. For treatment or transient transfection, cells are plated at 2 x lO^/cm^ and 

24 hr later, treatment or transfections were carried out as indicated below. 

Cells are plated in 24 well plates and transiently transfected with all three 
constructs (about 1 |xg/construct) using FuGENE 6. When required, transfection controls are 
used which comprise the empty pcDNA3 vector. ST2 stably transfected cell lines are 
10 maintained in the corresponding culture medium supplemented with G418 (500 |xg/ml). 

About sixteen hours after transfection, the cells are washed, cultured in media containing 2% 
fetal bovine serum, and cultured either with or without a test analyte for an additional 48 
hours. 

ALP activity is determined in cell lysates by the Alkaline Phosphatase Opt 
15 kit (Roche Molecular Biochemicals). Cell lysates are analyzed for protein content by using 
the micro-BCA Assay kit (Pierce) and ALP activity is normalized for total protein 
concentration. 

ALP activity detected in the presence of a test analyte indicates that the 
analyte interferes with binding of the cDkk-4 protein to the LRP5 receptor which allows Wnt 
20 to induce differentiation along the osteoblast lineage. Conversely, the absence of ALP 
activity indicates that the analyte does not interfere with binding of the cDkk-4 protein to 
LRP5 and there is no Wnt induced differentiation along the osteoblast lineage. 

EXAMPLE 10 

25 This example provides a cell-based assay for identifying analytes that 

interfere with binding between Dkk-4 and LRP5 using cDkk-4 labeled with the lanthanide 
europium. 

Standard cell culture medium is Dulbecco's modified Eagle's medium 
(DMEM) containing 10% fetal bovine serum (FBS) and penicillin/streptomycin (Gibco BRL, 
30 Ihvitrogen, Gaithersburg, MD). HEK 293 cells overexpressing human LRP5 are generated 
by transfecting DNA encoding human LRP5 under the control of a heterologous constitutive 
promoter into HEK-293 cells. Recombinant cells stably transfected with DNA encoding 
LRP5 are selected with hygromycin (100 /ig/mL). 

DNA encoding Dkk-4 is inserted into a baculovirus vector adjacent to and in 
35 framie to a nucleotide sequence encoding polyhistidine. Baculo virus-susceptible insect cells 
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15 



20 



25 



30 



are infected with the recombmant baculovirus vector to produce cDkk-4 conq>rising a 
polyhistidine sequence at the carboxy terminus. The polyhistidine-tagged cDkk-4 is purified 
using nickel column chromatography and labeled with europium chelate Nl-isothiocyanate 
(Perkin Elmer, Boston, MA). 

The cDkk-4-LRP5 binding assays are carried out as follows. The 
recombinant HEK 293 cells stably overejjpressing human LRP5 are plated into the wells of 
white/white, 384-weU, PDL plates (BD Biosciences, San Jose, CA). Each well contains cells 
and 30 /iL of medium containing 2.5% FBS. The next day, to each well, 250 nL of an 
analyte is added (high concentration copy, CyBi Disk) for final a concentration of about 30 
IxM. Next, 5/iL of Eu-cDkk-4 is added to each of the wells (CyBi Well, O.lnM final 
concentration). After incubating at 37oc for 30 minutes, the wells are washed four times 
each with a wash solution (TBS containing 0.02% Tween-20). After the final wash, 20/iL of 
Enhancement Solution (Perkin Elmer) is added to each of the wells. After incubating the 
wells in Enhancenoent Solution for 30 minutes at room tenoperature, the wells are vortexed 
and the time resolved fluorescence firom the wells is read using the LEADS^KER, a CCD- 
based optical imaging instrument that can measure fluorescence (Amersham Biosciences, 
Piscataway, N.J.), 

To determine whether an analyte' s inhibitory effect on the binding of cDkk-4 
to human LRP5 is specific or non-specific, counterscreens are performed using either a wheat 
germ agglutinin-biotin/steptavidiQ (WGA) assay or a human TNFa assay in the same 
recorhbinant cells overexpressing the human LRP5, The WGA assay is performed with the 
above recombinant HEK 293 cells incubated with the analyte and wheat germ agglutinin 
linked to biotin (WGA-biotin; Biomeda Corp.) and streptavidin labeled with europium (Eu- 
streptavidin; Perkin Elmer) instead of the Eu-cDkk-4. The amount of the WGA-biotin/Eu- 
streptavidin complex bound in the presence and absence of the analytes is measured. The 
TNFa assay is performed as above except that the recombmant HEK 293 cells are incubated 
with the analyte and the TNFa labeled with europium (Eu-TNFa; Perkin Elmer) instead of 
Eu-cDkk-4. The amount of TNFa bound to the cells in the piesence and absence of the 
analytes was measured. 

EXAMPLE 11 

This example provides a cell-based assay for identifying analytes that 
interfere with binding between Dkk-4 and LRP5 using a fiision protein comprising the cDkk- 
4 fused to the Green fluorescence protein. 
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Recombinant cells stably transfected with DNA encoding LRP5 were 
produced as previously described. 

Fusion proteins comprising the cDkk-4 fiised to the Green fluorescence 
protein (GFP) were prepared as follows. DNA encoding cDkk-4 was cloned in-frame with 
5 DNA encoding the GFP using expression plasmid pEGFP-N2 (Clontech» Palo Alto, CA) to 
produce a DNA encoding the fusion protein cDkk-4-GEP. An expiession plasmid encoding 
the cDkk-4-GEP fusion protein was transfected in HEK293 cells. The transfected cells were 
incubated at 370C in 5% CO2. Seventy-two hours later, medium was removed from the 

cells, sterile filtered, and supplemented with 20mM Hepes-buffer (pH 7.5) to produce 
10 conditioned medium. 

The cDkk-4-GFP fusion protein-LRP5 binding assays were as follows. 
Recombinant HEK-293 cells stably overexpresshig human LRP5 were plated into the wells 
of a 384-well tissue culture plate (Coming) at a concentration of about 6,000 cells/well. 
Each well contained 45 /iL of phenol red-free DMEM contaming 2.5% EBS. To each well, 
15 an analyte was added. One minute later, 5 fiL of conditioned medium containing 10 iiM 
DRAQ5 nuclear staia was added to each well and the wells incubated at 370C for 25 
minutes. Imaging and evaluation of cDkk-4-GFP fusion protein binding to the recombinant 
cells overexpressing LRP5 was determined using an BSfCell 3000 imager (Amersham). 

20 EXAMPLE 12 

This examples provides a cell-based functional assay for determining 
whether an analyte can activate the Wnt pathway by interfering with the binding of Dkk-4 to 
LRP5. 

Recombinant cells stably transfected with DNA encoding LRP5 were 
25 produced as previously described. 

Cells are seeded in DMEM containing 2.5%FBS (80 fiL) into the wells of a 
multi-well tissue culture plate and transfected with pTOPFLASH (a plasmid vector 
comqprising the luciferase gene operably linked to the thymidine kinase mmimal promoter 
adjacent to TCF/LEF binding site; Upstate Biotechnology, Lake Saranac, NY) and pTK- 

30 renilla (Promega Corp., Madison, Wl) using FUGENE6 (Roche) in OPTIMEM medium 

(Gibco BRL). The plasmid pTK-renilla is included for normalizing transfection efficiency. 

Twenty-four hours post-transfection, an analyte is added to each of the wells. 
Afterwards, rhDkkl and a Wnt-ligand (for example, Wnt3A or Wntl) are added to each of 
the wells. Wnt Ugand can be provided either by using purified Wnt ligand, conditioned 

35 medium obtained from cells transfected with a plasmid encoding Wnt ligand, or by co- 
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transfecting the cells a plasmid comprising DNA encoding the Wnt ligand with the above 
plasmids. CDkk-4 can be provided either by using purified cDkk-4 protein, conditioned 
medium obtained from cells transfected with a plasmid encoding cDkk-4, or by co- 
transfecting the cells a plasmid con^rising DNA encoding the cDkk-4 with the above 

S plasmids. About 6 to 48 hours after the analytes had been added to the wells, the 
recombinant cells are lysed by addmg 20 [ih of Ix Passive Lysis buffer (Promega). 
Luciferase activities can be measured in a VICTORS plate reader (Perkin Elmer). 

An increase in luciferase expression indicates that the analyte being tested 
interferes with binding of cDkk-4 to LRP5. The interference enables the LRP5 to interact 

10 with the Wnt ligand and Frizzled on the cell membrane, which in turn activates disheveled in 
the cell cytoplasm, which in a series of intracellular events causes P-catenin to accumulate in 
the cytoplasm. The p-catenin then translocates to the nucleus where it interacts TCP 
transcription factors to activate transcription of the luciferase gene provided by 
pTOPFLASH. 

15 While the present invention is described herein with reference to illustrated 

embodiments, it should be understood that the invention is not limited hereto. Those having 
ordinary skill in the art and access to the teachings herein wiU recognize additional 
modifications and embodiments within the scope thereof. Therefore, the present invention is 
limited only by the claims attached herein. 

20 
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